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War  Department,  Ordnance  Opficb, 

Washington,  October  13,  lS8o. 

Sir:  I  have  the  honor  to  submit  the  followiri;^  report  of  the  pririuipal 
operiUioius  of  the  OnliiiiKte  Departmetit  (luriii<i^  the  fiscal  y»*ar  enile»l 
June  30,  LSSj,  with  such  rem  irks  antl  recoin  nendatioiis  as  the  interests 
of  this  branch  of  the  military  service  seem  to  require. 

The  fiscal  r«»sources  and  expenditures  of  the  Department  during  the 
year  were  as  follows,  viz: 

Anioiint  in  the  Treasury  to  the  credit  of  the  appropriations  on  Jnne 
:W,  l^'^4 ! Igl413,490  63 

Anionnt  in  the  Trejisnry  not  repoiled  to  the  credit  of  tlio  ap{tropriations 
on  Juu«  30,  lM;-4 7,545  43 

Anionnt  in  Gov»«rnment  depoHit-ories  to  tlic  credit  of  disbiu'sing  oflicers 
jind  others  on  Jnue  3i),  1HS4 209, 007  50 

Aiufinnt  of  appropriations  for  the  servico  of  the  tiscal  year  ended  Juue 
30,  l^D 1.0-2^844  02 

Amount  refunded  to  ordnance  appropriations  in  settlement  of  accountH 
during  the  year  ended  Jnne  30,  18<) ' 9, 541  61 

Grf>ss  amount  received  duritig  the  fi.scal  year  ended  June  'M\  I'^'^^S,  from 
uales  lootBccrs;  from  rentn;  from  collections  from  troops  on  aeconnt 
of  loitfietH  of,  or  damage  ti»,  ordnance  stores;  fr<»iu  Chicago,  Roek 
Island  and  Pacific  Railroad  Companj^;  from  powder  antl  projectiles 
(pn>ceeds  of  sales) ;  from  sales  of  condemned  stores ;  from  testing 
machine,  and  from  all  other  sources  not  before  mentioned 160, 026  65 

Total •2,7-2^45:.  84 

AmoiiBt  of  ex|)enditnres  during  the  fiscal  year  eud^l  June  30,  1885,  in- 
ehuling  expenses  attending  sales  of  condemned  stores,  powder,  and 
pmjectiles,  «fcc ,. 1,8:U,674  83 

Amount  deposited  in  Treasury  during  the  fiscal  year  ended  June  30, 
lb?*.\  as  proceeds  of  sales  of  Govern  ment  property 119, 819  02 

Amount  transferrecl  from  ordnance  flpproprintions  in  settlement  of  ac- 
counts daring  the  fiscal  year  ended  June  30,  18'H5 1, 592  31 

Amount  turned  in  to  the  surplus  fund  on  Jnne  30,  18"<5 2,290  21 

Amount  in  Government  depo8it<»ries  to  the  credit  of  disbursing  officers 
ami  others  on  June  30, 18a'> 233,565  74 

Amount  in  the  Treasury  not  reported  to  the  credit  of  appropriations 
on  JnDe:iO,  18^5 6,H19  21 

Anionnt  in  the  Treasury  to  the  credit  of  apjtropriations  on  Juue  30, 
1H85 532,693  92 

Total 2,7iH,4:.5  84 

III 
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STATIONS  AND  DUTIES. 

The  stations  and  daties  of  the  officers  of  the  Ordnance  Department 
are  as  follows :  Four  at  the  Ordnance  Office ;  thirty-nine  at  the  arsenals, 
armory,  and  powder  depots ;  nine  on  the  Ordnance  Board  and  at  the 
foundries;  six  at  the  several  military  headquarters  and  ordnance  depots; 
four  at  the  Military  Academy ;  one  nnder  the  orders  of  the  Secretary 
of  the  Interior;  one  in  the  Life-Saving  Service,  under  the  Secretary  of 
the  Treasury.  To. fill  the  vacancy  caused  by  the  death  of  Maj.  S.  C* 
Lyford,  Second  Lieut.  S.  E.  Stuart,  First  United  States  Artillery,  was 
transferred  to  the  Ordnance  Department,  after  having  passed  a  satis- 
factory examination  as  required  by  law. 

The  Ordnance  Department  provides  the  armament  for  our  sea-coast 
defenses,  and  arms  and  other  ordnance  stores  for  the  Army,  the  militia, 
the  Marine  Corps,  all  other  Executive  Departments  to  protect  public 
money  and  property,  and  the  forty  colleges  authorized  by  law  to  re- 
ceive them  for  instruction. 

SMALL-ARMS. 

During  the  fiscal  year  ended  June  30,  1885,  40,657  rifles,  carbines, 
and  shotguns  have  been  manufactured  at  the  National  Armory.  Re- 
pairing arms,  providing  spare  parts,  making  swords,  sabers,  and  mis- 
cellaneous articles  must  be  mentioned  as  among  its  operations. 
.  The  Lee,  ChafiTee-Beece,  and  Hotchkiss  magazine  rifles  have  been  in 
the  hands  of  troops  for  trial  during  the  year,  and  the  results,  when  all 
are  received,  will  be  specially  reported  on.  ' 

One  thousand  rod-bayonet  rifles,  new  model,  with  improved  sights, 
are  also  in  the  hands  of  troops  for  trial. 

RIFLE  PRACTICE. 

The  gold  and  silver  medals  offered  as  rewards  for  successful  marks- 
manship in  the  annual  department  and  division  rifle  contests  have,  as 
usual,  been  issued  to  the  different  headquarters  in  advance  of  the  date 
of  the  contests,  thus  insuring  their  early  delivery  to  the  fortunate  com- 
petitors. 

During  the  year  the  bronze  Marksman's  pin  and  Sharpshooter's  cross, 
formerly  furnished  the  soldier  as  a  reward  for  proficiency  attained  in 
practice  with  his  company,  and  as  a  distinguishing  mark  of  his  superior 
skill  in  the  use  of  the  rifle,  have  been  replaced  with  pins  and  badges  of 
silver,  of  somewhat  similar  design,  but  much  more  finished  workman- 
ship. The  greatly  increased  value  which  these  decorations  now  possess 
in  the  estimation  of  the  soldier  has  shown  the  propriety  of  the  change. 

In  my  last  report  it  was  stated  that  Oapt  S.  E.  Blunt,  Ordnance  De- 
partment, then  chief  ordnance  officer  and  inspector  of  rifle  practice  of 
the  Department  of  Dakota,  was  preparing,  under  my  direction  and  in 
accordance  with  your  authority,  a  new  work  upon  target  practice  for 
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the  Army.  Captain  Blunt  has  since  been  transferred  to  the  head- 
quarters of  the  Army  as  inspector  of  rifle  practice,  and  the  new  manaal, 
after  having  been  approved  by  the  Secretary  of  War,  was  brought  out 
and  introduced,  and  is  now  the  authorized  guide  for  the  Army.  As  a 
work  upon  rifle  and  carbine  flring,  both  in  the  scientiflo  details  of  the 
subject  and  in  the  manner  in  which  it  deals  with  the  more  practical 
steps  of  the  soldier's  instruction,  from  the  unskilled  recruit  to  the  ex- 
pert marksman,  it  seems  to  be  all  that  can  be  desired.  The  skirmish 
firing  introduced  by  it  as  an  important  element  in  determining  the  com- 
position of  the  selected  teams  of  marksmen,  has  developed  in  the  soldier 
the  habit  of  a  prompt  estimation  of  his  distance  from  his  mark  and  an 
accuracy  and  rapidity  of  fire  that  will  very  greatly  increase  his  effi- 
ciency in  battle. 

The  great  interest  taken  by  the  Army  In  rifle-firing  has  led  to  an  in* 
creased  demand  for  the  different  materials  requisite  for  practice,  and 
the  Department  has  fortunately  been  able  to  furnish  liberal  supplies,  so 
that  the  rifle-ranges  at  the  diffierent  posts  are  now  better  equipped  than 
at  any  previous  time. 

THE  MILITIA. 

It  is  hardly  necessary  to  do  more  than  refer  in  a  cursory  wiiy  to  the 
great  need  of  larger  appropriations  for  '^armingand equipping  the  whole 
body  of  the  militia,"  or  even  a  reasonable  fraction  of  it.  If  the  G-en- 
eral  Government  intends  keeping  the  militia  up  to  the  highest  practica- 
ble standard,  as  the  main  armed  force  of  the  country,  then  the  amount 
deemed  sufficient  in  1808  must  be  greatly  increased.  If  this  most  im- 
portant duty  is  to  be  performed  by  the  individual  States,  then  the  fact 
should  be  decided  and  proclaimed,  that  the  responsibility  rest  upon  the 
proper  shoulders.  One  thing  is  certain,  that  more  uniform  and  liberal 
methods  and  direct  responsibility  should  be  resorted  to,  to  place  on  an 
efficient  footing  the  militia  and  volunteer  organizations  of  all  the  States. 

And  in  this  connection  I  beg  leave  to  call  attention'  to  the  absolute 
necessity  of  the  proper  organization  of  the  militia  force  of  the  District 
of  Columbia.  Some  of  its  organizations,  in  drill,  discipline,  and  effici- 
ency, are  not  surpassed  by  any  in  the  country,  and  yet  the  armed  force 
IB  divided  into  separate  and  distinct  bodies  without  a  common  superior. 
The  interests  at  stake  in  the  capital  of  the  nation  call  for  such  an 
armed  force  to  be  kept  well  in  hand  under  one  commander,  ready  for 
effective  service  at  a  moment's  notice.  It  is  not  for  me  to  decide  whether 
the  laws  now  in  the  statute  book  are  sufficient,  but  the  gravity  of  the 
matter  seems  to  call  for  legislative  and  executive  action. 

UNITED  STATES   TESTING  MACHINE. 

The  commanding  officer  of  Watertown  Arsenal  has  made  hia  report 
of  tests  of  iron,  steely  and  other  materials  for  industrial  purposes  for 
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the  past  fiscal  year.  The  report  will  be  submitted  to  you  for  transmis- 
sion to  Gougress  at  the  opening  of  tbe  next  session,  as  required  by  law. 

In  previous  reports,  the  views  of  this  office  were  given  as  to  tbe 
requirements  of  the  General  Government  in  this  regard,  and  the  de- 
mand for  additional  facilities  to  meet  the  necessities  of  the  public  service 
and  of  private  enterprise. 

The  machine  cannot  at  present  do  all  that  is  required  by  the  public 
service,  aud  series  of  tests,  of  great  importance  to  the  Government,  have 
been  and  are  being  delayed,  because  the  work  to  be  done  is  far  more  than 
one  machine  can  accomplish.  A  smaller  machine,  that  would  relieve  tbe 
present  one  of  most  of  the  tests  of  small  specimens,  should  be  the  first 
step,  but  the  day  is  not  fjir  distant  when  the  interests  of  the  country  will 
require  still  greater  facilities,  and  in  more  than  one  locality.  Larpfer 
appropriations  for  using  the  machine  and  providing  the  necessary  cler- 
ical labor  are  absolutely  essential. 

BOARD  ON  FORTIFICATIONS  OR  OTHER  DEFENSES. 

In  the  last  fortification  bill  a  Board  was  provided  for,  to  "  examine 
and  report  at  what  i)orts  fortifications  or  other  defenses  are  most  urgently 
required,  the  character  and  kind  of  defenses  best  adapted  for  each,  with 
reference  to  armament,"  aud  "the  utilization  of  torpedoes,  mines  or 
other  defensive  appliances,"  and  the  Executive  order  of  May  12,  1885, 
gave  effect  to  this  legislation. 

All  that  is  needed  to  place  our  defenses  in  proper  condition  is  time 
and  money,  but  both  time  aud  money  are  vital  factors.  Time  without 
money  or  money  without  time  will  effect  nothing.  It  will  be  a  costly 
undertaking,  not  to  be  accomplished  in  a  year  or  in  five,  as  every  nation 
in  Europe  well  understands  from  experience;  but  if  it  is  to  be  done  (and 
the  doubters  are  few),  the  sooner  we  begin  the  better.  That  this  Board 
will  present  a  plain  unvarnished  statement  that  will  carry  conviction  is 
to  be  expected,  and  it  is  hoped  that  Congress  will  rise  to  the  occasion 
aud  give  the  necessary  legislation  and  appropriation. 

ARMAMENT  OF  FORTIFICATIONS. 

Progress  in  the  manufacture  of  the  several  experimental  cannon,  un- 
dertaken in  accordance  with  the  provisions  of  the  act  of  March  3, 18S3, 
has  been  so  much  retarded  the  past  year  that  up  to  the  date  of  this 
report  only  the  12-inch  M.  L.  rifled  mortar  and  the  12-inch  B.  L.  rifle, 
cast  iron,  have  been  received  at  the  proving  ground. 

The  12-inch  M.  L.  rifled  mortar  was  completed  the  last  of  November, 
1884,  and  though  turned  over  to  the  Quartermaster  Department  for 
transportation  to  Sandy  Hook  on  December  11, 1884,  it  was  not  received 
at  the  proving  ground  until  March  12,  1885,  being  three  months  in 
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transit  between  Boston  and  New  York.  A  full  description  of  this  piece, 
witb  a  history  of  its  manufacture,  is  contained  in  Appendix  25,  here- 
with. 

Experimental  Firings  of  \2-iiich  M,  L,  Rifled  Mortar, 

From  the  results  of  the  trials  last  year  with  two  experimental  10-inch 
M.  L.  rifled  mortars — see  Appendix  17,  Beport  of  Chief  of  Ordnance, 
1884 — ^tbe  Department  had  been  led  to  select  the  Eureka  sabot  for  the 
12-inch  mortar  shell ;  and  from  further  information  gained  in  those  trials 
it  was  enabled  to  determine  approximately  the  dimensions  for  the  sabot 
and  the  character  of  thi)  powder  to  be  used.  Actual  firings  wuth  the 
12incti  mortar  were  necessary,  however,  to  determine  definitely  these 
questions  of  sabot  and  pow«ier.  Accordingly,  before  turning  the  mortar 
over  to  the  Board  for  Testing  Rifled  Cannon,  appointed  under  the  act 
of  July  5,  1884,  the  Ordnance  Board  was  directed  to  make  some  pre- 
liminary firings,  with  these  objects  in  view. 

Under  the  supervision  of  the  Ordnance  Board  the  mortar  has  been 
fired  44  rounds,  by  means  of  which  the  Board  has  been  enabled  to  ar- 
rive at  definite  conclusions  regarding  the  forms  of  sabot  and  natures  of 
powder  that  appear  suitable  for  the  test  of  the  piece.  One  form  of  sabot 
is  adapted  to  the  use  of  the  same  powder,  with  either  full  or  half 
charges;  and  another  form  to  the  use  of  a  slow  powder  with  full 
charges,  and  a  quick  powder  with  reduced  charges.  The  results  obtained 
in  these  i)reliminary  firings  are  given  in  Appendix  20,  and  from  which 
the  following  is  an  extract : 
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The  following  reaults  also  were  obtained : 
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Nothing  was  determined  as  to  the  accaracy  of  fire  in  these  prelimi- 
nary trials.  That  is  a  matter  to  be  determined  by  the  Board  for  Testing 
Bifled  Gannon  who  now  have  the  mortar  in  hand  for  test,  and  apoa 
whose  report,  in  this  respect,  will  rest  largely  the  final  determination  of 
the  question  whether  for  seaooast  mortars,  muzzle-loading,  or  breech, 
loading  is  the  more  advantageous  system.  The  object  of  the  Depart- 
ment in  selecting  the  muzzle-loading  system  as  the  type  tor  an  experi- 
mental piece,  is  thus  stated  in  the  following  extracts  from  its  letter, 
transmitting  the  plan  of  the  mortar,  to  the  G-etty  Board,  in  April  1882: 

In  working  np  this  plan  it  was  thought  that  the  old  method  of  loading  from  the 
mnzzle  was,  on  the  whole,  the  best  adapted  to  the  purposes  of  a  mortar. 

As  a  mnzzle-loader,  the  piece  would  be  somewhat  lighter  and  considerably  cheaper, 
and  could  be  manufactured  in  much  less  time;  and,  on  the  other  hand,  no  objection 
exists  to  muzzle-loading  with  a  piece  so  short  as  a  mortar,  ^nd  which,  at  the  same 
time,  when  in  service,  is  so  well  protected  from  direct  fire  as  to  afford  great  freedom 
of  movement  to  the  cannoneers  in  the  service  of  the  piece. 

In  the  English  service  the  rifled  mortars  are  muzzle-loaders,  and  so,  also,  are  the 
recently  introduced  9.5-inch  and  11.8-inch  mortars  in  the  French  service.  In  1874  it 
was,  indeed,  claimed  in  France  (see  Ordnance  Note  68,  p.  547,)  that  it  was  essential 
that  a  rifled  mortar  '' should  be  loaded  from  the  breech,  in  onlerto  give  the  shell saf- 
ficient  stability  in  flight,  which  can  only  be  obtained  in  a  short  piece  by  an  exact 
centering  of  the  projectile — an  end  much  less  difficult  of  attainment  with  a  breech- 
loader than  with  a  muzzle-loader." 

Bui  later,  it  is  stated  by  Captain  Gadaud,  of  the  French  navy  {Camet  des  Notes  ei 
Benseignement,  1881,  p.  62),  that,  "  in  consequence  of  experiments  made  in  1878  with 
an  8.66- inch  (22  centimeters)  howitzer,  there  were  adopted  two  mortars,  of  cast-iron 
hooped  and  loading  at  the  muzzle,  of  9.45-inch  (24  centimeters)  and  11.8-lnch  (30 
centimeters)  caliber  respectively  ;  the  object  had  in  view  being  the  prompt  procure- 
ment, and  at  little  expense,  of  a  great  number  of  mortars  easy  to  serve  and  not  requir- 
ing the  care  or  need  of  repairs  that  breech-loaders  do." 

So  it  would  appear  that  with  the  French  navy,  at  least,  it  was  thought  that  the 
gain  in  accuracy  of  fire  in  the  breech-loader  would  be  more  than  compensated  for, 
with  muzzle-loaders,  by  the  gain  in  the  number  of  pieces. 

The  relative  merits  of  the  two  systems  of  breech-loading  and  muzzle-loading  are 
clearly  and  forcibly  stated  by  Sir  William  Armstrong,  in  his  address  before  the  Insti- 
tution of  Civil  Eugineers  in  January,  1882,  as  foUows: 

"Thequestioti  wiit^rUfritrfech-loading  or  muzzle-loading  guns  are  most  advantageous 
is  one  which  had  benu  diHoassed  in  a  very  uncompromising  spiritj  as  if  one  or  other 


REPORT  OP  THE  CHIEF  OF  ORDNANCE.  IX 

of  the  two  ayBtema  ought  to  be  nniyersftlly  adopted,  to  the  entire  exclasion  of  the 
other.  Impartial  eonsid  oration,  however,  will  show  that  there  is  room  for  both  sys- 
tems, and  that  each  is  best  in  its  proper  plaoe.  It  has  been  distinctly  proved  that, 
so  fkr  as  aoenracy  and  velocity  are  concerned,  there  is  nothing  to  choose  between 
them.  Neither  is  there  any  material  di£fe)rence  in  regard  to  rapidity  of  fire ;  nor 
woald  a  snperiority  in  this  respect  on  either  side  be  of  much  value,  seeing  that  it  is 
of  far  more  importance  to  oaltivate  careful  and  deliberate  fire  than  to  facilitate  a 
lavish  expenditore  of  the  very  limited  snpply  of  costly  ammunition  that  can  be  as- 
signed to  each  gun  in  active  service. 

**  With  regard  to  convenience  of  loading  and  security  of  the  gunners,  the  advantage 
is  in  moet  oases,  though  not  in  all,  on  the  side  of  the  breech-loader.  Guns  mounted 
on  the  broadsides  of  ships  or  in  casern ated  batteries  cannot  be  loaded  at  the  muzzle 
by  any  known  method  without  very  seriously  exposing  the  men  to  the  fire  of  machine 
gnns  and  small-arms.  In  fact,  the  great  length  of  modem  guns  renders  it  impossible 
to  get  access  to  the  muzzle  for  the  purpose  of  loading  without  allowing  more  space 
for  recoil  than  is  practicable  in  a  ship,  or  in  the  usually  confined  space  of  a  casemate ; 
so  that  in  these  cases  breech-loading  must  be  regarded  as  a  necessity.  But  in  earth- 
work batteries  a  muzzle-loading  gun  can,  by  proper  arrangement,  be  loaded  under 
the  shelter  of  the  parapet  more  securely  and  quite  as  conveniently  as  a  breech-loader. 
Id  revolving  turrets,  also,  a  gun  may  be  loaded  at  the  muzzle  by  external  means,  in- 
volving no  exposure  of  the  men,  and  in  gunboats  carrying  a  heavy  gun  on  the  line 
of  the  keel,  loading  at  the  muzzle  is  also  easily  effected. 

"The  superior  simplicity  of  a  muzzle-loading  gun  entitles  it  to  a  preference  wher- 
ever it  can  be  used  with  equal  advantage.  All  breech-loading  mechanism  is  of  a  nat- 
ure to  require  very  accurate  fittings,  such  as  require  care  both  in  use  and  for  preser- 
vation. Breech-loaders,  therefore,  are  very  unfit  weapons  for  imperfectly  instructed 
gunners,  and  they  are  quite  out  of  place  in  open  batteries  where  they  would  be  ex- 
posed to  the  injurious  infiuences  of  the  weather  and  of  drifting  sand.  It  would  be 
folly,  therefore,  in  such  cases  to  use  them  in  preference  to  muzzle-loaders,  which  re- 
quire little  care  for  their  preservation  and  take  no  harm  from  exposure.'' 

To  the  above  may  be  added  the  following  extract  from  the  conclasions 
of  the  GommisHion  of  Gavre  in  1879  on  the  trials  with  M.  L.  rifled  how- 
itzers (Notes  on  the  Construction  of  Ordnance,  ITo.  8),  namely : 

A  rifled  mortar  for  coast  defense  firing  from  behind  an  6paulement,  whether  muzzle 
or  breech-loading,  can  only  be  loaded  when  the  piece  is  nearly  horizontal ;  in  this 
position  the  difierence  in  protection  to  the  gunners  by  the  ^paulement  with  the  breech- 
loader or  the  muzzle-loader  is  too  trifling  to  be  considered. 

A.  muzzle-loading  rifled  mortar  for  coast  defense  would  have  the  following  advan- 
tages over  a  breech-loader  of  the  same  kind:  It  is  much  more  easily  kept  in  repair, 
less  costly,  and  can  be  more  quickly  manufactured ;  precautions^  however,  must  be 
taken  to  sponge  with  care,  and  to  have  no  stoppage  of  the  projectile  in  the  bore  in 
the  event  of  deformation  of  the  sabot. 

With  muzzle-loading  mortars  similar  to  those  tried  very  satisfactory  results  can  be 
obtained  as  to  extent  of  range  and  accuracy ;  the  accuracy  in  range  exceeds  that  ob- 
tained with  the  best  breech-loading  pieces. 

The  12'inch  B.  L,  Rifle — cast  iron. 

This  gan  waa  completed  and  shipped  to  the  proving  groand  in  April 
of  this  year.  '  After  being  subjected  to  the  firing  proof  of  5  rounds  with 
charges  of  150  i>oands  of  powder,  as  specified  in  the  contract,  some 
additional  firings  were  made  under  the  supervision  of  the  Ordnance 
Board,  for  the  purpose  of  determining  the  nature  of  the  i>owder  and  the 
details  of  the  tuand — ^for  the  projectile — best  suited  for  testing  the  gun. 
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Experimental  Firings, 

The  Department  bad  procured  last  year  a  sample  lot  of  brown  pris- 
matic powder  from  the  United  Rhenish  and  Westphalian  Powder  Com- 
pany, Germany.  This  powder  was  guaranteed  to  fulfill  the  following 
conditions,  imposed  by  the  Department,  when  fired  from  a  gun  having 
the  length  of  bore  and  size  of  chamber  of  the  12-inch  cast-iron  rifle, 
namely,  with  charge  of  265  pounds;  projectile  of  800;  density  of  load- 
ing, 0.84;  and  length  of  travel  of  shot  in  bore  22.6  calibers;  to  give  a 
velocity  of  about  1,748  feet,  with  a  pressure  not  exceeding  16.5  tons,  or 
34,720  pounds,  per  square  inch  of  powder  chamber.    ^ 

The  powder  when  tested  in  the  12inch  cast-iron  B.  L.  rifle  gave  the 
following  actual  results : 


,  Weight  '  D«»n«itv  '    Weight       T„it«„i       Pri'Sfture  p«r 
Kind  of  powder.  of  of  of  v«i«oiVv     "qunT^  inch  of 

'  fhargo.     lotiding.     projectile.   ^*'*"^"J-  bore. 


Lbi.  Lbt.  Feet. 

German  blown  priBmfttioD.1.8C28 [  265        0.8363,  800.        1,709       ^31^400  lbs** 


These  results  were  deemed  satisfactory,  and  it  was  sought  to  reproduce 
them  with  a  brown  prismatic  powder  of  home  {iroduction,  the  Messrs. 
Du  Pont  having  already'  furnished  samples  of  brown  powder  for  test. 
The  results  obtained  with  the  Du  Pout  powder  will  be  referre<l  to  more 
at  length  under  the  head  of  prismatic  powder;  sufliee  it  to  say  here 
that  they  have  i»roved  so  satisfactory  that  the  Department  has  felt 
warranted,  in  advertising  for  bids  for  the  supply  of  a  considerable 
quantity  of  domestic  brown  powder,  to  impose  the  conditions  that  when 
fired  in  a  gun  of  similar  dimensions  to  this  12-inch  cast-iron  rifle,  with  a 
chargeof  265  pounds,  and  a  projectile  of  800  pounds,  the  velocity  shall  not 
be  less  than  1 ,700  feet  at  125  feet  from  the  muzzle,  and  the  pressure  shall 
not  exceed  32,500  pounds  per  square  inch  of  powder  chamber.  The 
Ordnance  Board  has  fired  this  gun  25  rounds,  and  has  determined  with 
sufficient  deflniteuess  the  character  of  band  to  be  employed  with  the 
l)rojectile,  to  permit  of  the  trials  taking  place  as  soon  as  ^he  powder  is 
procured. 

A  description  of  the  manufacture  of  the  gun  and  the  records  of  fir- 
ings are  contained  in  Appendices  24  and  20  herewith. 

The  results  thus  far  obtained,  in  the  very  limited  number  of  rounds 
that  have  been  fired,  are  to  be  regarded  simply  as  a  function  of  the 
length  of  bore  and  the  quantity  and  character  of  powder  emplo3^ed, 
with  a  projectile  of  given  weight,  so  that  equally  good  results  can  with 
certainty  be  predicated  of  any  gun,  of  equal  caliber,  fired  under  like 
conditions.  It  would,  therefore,  be  premature  as  yet  to  pronounce  the 
gun  a  success,  as  a  piece  of  medium  power,  until  it  has  first  fulfilled  the 
condition — sine  qua  non — of  possessing  the  requisite  degree  of  endurance 
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nmler  fire.    Bat  regarding  the  results  simply  from  a  ballistic  poiut  of 
Tien*,  the  following  tabular  comparison  is  instructive: 
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From  which  we  deduce — 
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From  the  above  figures  it  appears,  comparing  the  12inch»  cast-iron 
rifle  with  Krupp's  lighter  gun,  that,  using  practically  the  same  weight 
of  powder  charge,  the  muzzle  energy  and  penetration  in  iron  are  a  little 
in  favor  of  Krupp's  gun ;  but  the  advantage  of  the  heavier  Krupp  pro- 
jectile is  apparent  in  the  still  more  favorable  showing  at  3,500  yards, 
where  the  difference  in  penetration  is  double  what  it  was  at  the  muzzle. 
The  marked  disparity  between  the  guns  lies  (1)  in  the  length  of  bore; 
the  Krupp  gun  is  much  the  shorter,  and  to  offset  which  a  heavier  press- 
ure is  necessitated  in  the  bore — though  still  a  moderate  pressure ;  and 
(2,)  in  the  weight  of  piece,  the  Krupp  gun  is  the  lighter  by  17  tons. 

If  we  assume  the  steel  gun  to  cost  $1,000  per  ton,  and  the  cast-iron 
$540  per  ton,  their  total  respective  costs  will  be  $37,000  for  the  steel 
gun,  and  $29,160*  for  the  cast-iron  gun,  or  a  difference  of  $7,840  in  favor 
of  the  cast-iron.  But  the  far  greater  weight  and  dimensions  of  the  lat- 
ter will  require  a  carriage  for  its  service,  which,  il  not  proportionately 
80  heavy  as  that  required  for  the  Krupp  gun,  will  yet  be  absolutely  the 
heavier;  it  will  also  require  a  larger  platform.  These  conditions  will 
reduce  materially  the  difference  in  cost,  while  the  greater  size  and 
weight  of  carriage,  added  to  the  already  objectionable  weight  of  the  cast- 

*Tiie  aetaal  coat  of  the  12-incb  B.  L.  rifle,  caat-iron,  including  the  steel  forging  for  breech  mechan- 
m  and  hashing,  was  $29, 158. 
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iron  guD  itself,  will  render  pointing  and  elevating  the  gun  slow  if  not 
tedions  operations,  and  without  the  compensation  of  a  proportional  in- 
crease in  the  power. 

But  then  the  question  of  endurance  is  still  to  be  determined  for  the 
cast-iron  gun,  while  it  is  an  ascertained  fact  that  the  Krupp  gun  has 
been  fired  120  rounds  and  is  in  good  condition.    If  we  disreganl  all  con- 
sideration of  weight  of  charge  and  length  of  bore,  and  make  the  compari- 
son simply  on  the  basis  of  weight  of  piece,  the  high-power  Krupp  12-inch 
rifle  of  48  tons  will  answer  very  well  as  representing  the  merits  of  steel 
against  cast  iron,  though  that  gun  is  still  6  tons  lighter  than  the  12-inch 
cast-iron  rifle.    The  great  superiority  of  this  Krupp  gun  to  the  12-inch 
cast-iron  rifle,  in  smashing  effect,  which  is  assumed  as  the  measure  of 
effect  against  hard  armory  and  in  piercing-power  at  all  ranges,  is  at 
once  apparent;  nor  is -the  pressure,  17.3  tons,  deemed  excessive  for  a 
steel  gun.    This  Krupp  12-inch  rifle  has  been  fired  over  100  rounds  and 
remains  in  good  condition.    From  this  comparison  it  will  be  seen  that 
the  steel  gun,  of  which  this  12-inch  Krupp  is  a  type,  would  fulfill,  far 
more  satisfactorily  the  two  prime  conditions  imposed  on  modern  ord- 
nance, viz,  the  attainment  of  the  maximum  power  possible  for  the  length 
of  bore  and  weight  of  piece,  and  without  overstraining  the  gun.     In 
this  connection  the  following  extract  from  a  communication  addressed 
the  by  Chief  of  Ordnance  to  the  Getty  Board  of  1882  is  pertinent: 

If  cast  iron  gans  were  once  abandoned  for  the  stronger  bailt-ap  guns,  why  should 
we  now  return  to  them,  when  the  great  problem  of  the  day  is  how  to  secure  the  gxin 
of  greatest  power  commensurate  with  our  facilities  for  fabrication?  If  the  bailt- 
up  gun  was  better  able  to  endure  the  more  destructive  powders  of  the  past  than  the 
cast  iron  simply  because  it  was  a  stronger  gun,  why  should  not  its  greater  strength 
be  utilized  ^o*day  in  the  attainment  of  a  greater  power  than  is  admis8i4>le  with  cast 
iron  T  If  tMucimum  ptnoer  is  the  object  aimed  at  in  the  construction  of  modem  artil- 
lery, there  can  be  but  one  answer  to  this  question.  Indeed,  stronger  guns,  not  weaker 
ones,  than  even  the  best  guns  of  the  past  are  really  what  is  needed  to  cope  with  the* 
modern  conditions  of  resistance  to  gun> power;  more  work  is  required  from  a  gun 
now  than  formerly ;  and  any  increment  of  work  that  can  with  safety  be  exacted 
from  it  will  be  in  full  proportion  to  the  increase  of  strength. 

Another  and  a  most  instructive  comparison  may  yet  be  made.  A 
10-inch  B.  L.  rifle,  steel,  of  32  calibers  length  of  bore  would  weigh 
about  27  tons.  The  results  that  should  be  realized  with  such  10-iuch 
gun,  reasoning  from  the  results  already  obtained  with  Du  Pout's  brown 
powder  in  the  12-inch  rifle,  would  be  as  follows : 


Cbargeu 

« 

•*> 

chamber. 

Katare  of  gun. 

• 

o 

• 

1 

•2 

4i 

.a 

• 

§ 

a  S 
Q 

o 

•a 
1 

s 
»5 

Ineheti. 

Tons. 

Oaliben. 

Pounds. 

Pounds. 

FMt. 

Tom. 

lu-inoh  B.  L.  rifle,  steel 

10 

27 

*        82 

200 

.000 

eoo 

1,857 

17 

REPORT  OP  THE  CHIEF  OF  ORDNANCE. 


xin 


From  which  we  dedace,  for  comparison  with  the  12-inch  rifle — 
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From  the  above  figures  it  will  be  seen  that  while  the  total  energy,  or 
smashing  effect,  is  somewhat  less  for  the  10-inch  rifle  ap  to  3,500  yards 
the  depth  of  penetration  is  greater.  But  the  weight  of  this  gun  is  only 
one-half  that  of  the  12-inch  cast-iron  gun,  and  therefore  its  cost  would 
be  about  the  same  as  for  the  latter.  Should  Congress  make  a  sufficient 
appropriation  to  enable  this  Department  to  advertise  for  the  forgings,  say 
for  100  of  these  10-inch  steel  rifles,  it  is  quite  certain  that  some  of  our  steel 
manufacturers  would  provide  the  requisite  press  for  the  production  of  the 
forgings,  with  the  oil  tanks  and  annealing  furnaces  for  their  treatment, 
in  about  a  year;  and  that  they  would  begin  to  deliver  the  rough-flnished 
forgings  within  six  months  afterwards,  or  say  eighteen  months  after 
date  of  the  contract.  It  is  even  safe  to  say  that  they  would  so  design 
the  new  plant  that  it  should  possess  sufficient  capacity  for  the  pi^uc- 
tion  of  the  forgings  required  for  12-inch  steel  guns;  thus  in  the  near 
fatare  would  our  own  steel  makers  be  placed  on  a  footing  to  supply  the 
forgings  for  guns  of  a  power  far  in  excess  of  anything  we  can  hope  to 
obtain  from  the  use  of  cast-iron  alone.  Liberal  appropriations  by  Con- 
gress, to  extend  over  a  number  of  years,  for  the  manufacture  of  8,  10, 
and  12  inch  steel  rifles,  and  ultimately  of  lO-inch  and  higher  calibers^ 
\ronld,  it  is  believed,  prove  the  truest  policy  for  the  development  of  our 
own  resources,  and  the  surest  for  placing  our  extended  coast  in  a  proper 
state  of  defense. 

The  remaining  guns  not  yet  completed  are  as  follows  : 

The  12'inch  c€ist'ir<m  B.  L.  Rifle^  hooped  and  tubed. 

The  body  for  this  gun  has  been  cast,  and  the  steel  parts,  as  hoops,  tube 
and  the  forgings  for  breech  mechanism,  have  been  procured  and  are  in 
8Qch  advanced  stages  of  completion  that  the  assembling  of  the  parts  will 
be  commenced  in  a  few  weeks.  The  breech  mechanism  is  also  nearly 
completed.  The  hoops  for  this  gun  were  obtained  from  the  Midvale 
Steel  Company,  but,  owing  to  their  considerable  dimensions  and  weight, 
the  company  feared  that  it  would  overtask  their  rolling  mill  to  work 
^hese  hoops  as  thoroughly  as  was  done  with  the  hoops  for  the  8-inch 
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rifle  and  12-inch  mortar;  the  eifect  of  this  is  apparent  in  the  somewhat 
lower  qualities  of  these  hoops,  a  mean  of  which  for  tangential  specimens 
6  inches  long  between  shoulders,  is  as  follows: 


Elastic  limit <  ry/i 


5    tOD8. 

,880  pounds. 

Tensile  strength J  lOsS^^'o'' ponnds. 

Elongation 13. 6  per  cent. 


Ihe  12'inch  B.  L.  Rifle j  cast  iron^  lined  with  wire-wrapped  tube. 

As  stated  in  ray  last  annual  report,  the  first  attempt  to  cast  the  body 
of  this  gun  proved  a  failure;  the  flasks,  proving  too  weak  to  sustain 
the  weight  of  metal,  gave  way — precipitating  the  molten  metal  into  the 
casting  pit.  The  second  casting  for  the  gun  was  made  December  23, 
1884.  After  being  removed  from  the  pit  the  casting  was  placed  in  the 
lathe,  an<l  the  cutting  of  annuhir  grooves  on  the  exterior  begun,  for  the 
purpose  of  removing  the  surplus  metal  b^'  means  of  wedges  forced  into 
the  grooves. 

In  cutting  a  groove  at  94  inches  from  the  muzzle,  and  after  a  depth 
of  about  7  inches  had  been  reached,  a  crack  was  tliscovered  at  the  bot- 
tom, and  shortly  afterwards  the  gun  parted  transversely  along  tlie 
crack-^breaking  short  off  in  the  lathe.  Afterwanls  another  crack  was 
discovered  in  cutting  a  groove  near  the  breech  end ;  ultimately,  as  the 
cutting  was  continued,  the  casting  cracked  transversely  at  eight  differ- 
ent points  while  the  annulir  grooves  were  being  cut,  and  before  the  re- 
sort to  wedging  off.     (See  Appen<lix  23,  herewith.) 

The  failure  of  this  casting  is  attributed  to  the  irregular  and  abnormal 
strains — at  least  of  abnormal  intensity — induced  by  the  method  pur- 
sued in  casting.  A  radical  departure  was  made  from  the  usually  ac- 
cepted Rodman  method,  and  without  the  sanction  of  the  Department ; 
instead  of  cooling  from  the  interior  alone  and  keeping  the  exterior  of 
the  flask  hot  by  a  fire  kindled  at  the  bottom  of  the  pit,  a  brick  wall 
wns  set  u])  in  the  pit  around  the  flask  and  ext«*nding  above  the  trun- 
nions ;  then  the  8])ace  between  it  and  the  pit  walls  was  filled  in  with 
damp  molding  sand.  A  fire  was  kindled  on  top  of  the  molding  sand, 
but  was  kept  burning  for  only  a  comparatively  short  time.  It  is  to  these 
faulty  arrangenunits,  aggravated  no  doubt  by  a  contraction  in  the  mold 
near  its  up]>er  portion — see  Appendix  3'2 — that,  as  it  is  believed,  the  loss 
of  the  casting  was  mainly  due. 

The  company  is  now  making  arrangements  for  a  third  casting,  to  be 
made  breech  up.*  The  tube  for  this  gun,  the  breech.bushing  and  block, 
have  been  pro(;ured,  and  considerable  work  has  already  been  done  to- 
wards? their  completion.  The  tube  will  be  wrapped  with  wire  at  the 
Watertown  Arsenal. 


« 


•  Since  writing  the  ali<»ve,  the  third  existing  has  been  made.  The  official  report  states 
that  it  rupuircd  hngHudinalhj,  a  fracture  being  found  extending  froiuthe  sinking  head 
downward  when  the  mold  was  stripped  from  the  casting  while  yet  in  the  pit. 
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The  lO'inch  B,  L.  Bifle^  coat  ironj  tcrapped  with  uire. 

The  body  for  this  gun  has  been  sent  to  Watei  town  to  receive  its  wrap- 
ping; the  breech  mechanism  is  nearly  completed,  and  the  wire  will  be 
applied  as  soon  as  some  necessary  data  have  been  obtained  from  an  ex- 
perimental cylinder  now  being  wrapped  with  wire. 

The  10-tnrA  B.  L.  Rijle^  steely  wrapped  with  wire. 

The  tube  for  this  gun,  furnished  by  Sir  Joseph  Whitworth  &  Oom- 
pauy,  was  rough-bored,  turned,  and  annealed  at  the  Washington  Navy. 
Yani,  and  then  shipped  to  the  Watertown  Arsenal.  The  longitudinal 
bars,  for  giving  end  strength  to  the  gun,  were  cold-rolled  at  Jones  & 
Langhlins,  Pittsburgh,  l*a..  during  which  operation  considerable  delay 
was  caused  by  several  breakages  of  the  rolls.     (See  Appendix  4(5.) 

The  forgings  for  the  breech  mechainsm  and  the  several  exterior  rings 
for  the  gun,  except  the  cast-steel  sleeve  that  is  to  sustain  the  trunnion- 
hoop,  have  alreatly  been  furnished  by  the  Midvale  Steel  Ooiiipany;  all 
of  which,  with  some  3^'^^  Pounds  of  finished  and  tinned  wire,  have 
Wn  sent  to  the  Watertown  Arsenal,  where  the  gun  is  to  be  constructed. 
The  preparations  at  Watertown  for  winding  the  wire  onto  the  guns  are 
aboat  complete,  and  preliminary  trials  are  now  being  made  to  test  the 
ffBciency  of  the  winding  apparatus,  and  the  eifect  protluced  b.y  the  wire 
on  short  cylinders  representing  sections  of  the  uuns  under  fabrication. 

The  drawing  of  the  steel  wire,  of  the  character  prescribed  by  the 
Department,  has  been  a  burdensome  tusk  to  the  wire  makers,  althtmj^h 
experienced  and  skillful  manufacturers,  and  it  has  proved  a  very  severe 
ortleal  to  the  metal  itself,  out  of  which  the  wire  was  made.  See  Ap- 
pendix 47.  At  the  date  of  this  report  the  inspector  gives  the  following 
as  a  tolerably  fair  estimate  of  the  loss  on  75,000  pounds : 

Pcmnds. 

Shipped  to  Wat4?rtowu  ArKOual ;W,  UOO 

On  band  rcu<ly  to  tin 7, 000 

Prolial)le  aiiioiint  that  will  be  nbtaiiiod  Iroin  last  lot  of  18,000 
pounds  of  rods 15,  OOU 

Total  of  good  wire 55,  <  00 

LosvM  dne  to  breaks,  dt-fective  pieceR,  &c lf>,  000 

LoKs  due  to  treatiug,  pickling,  &c 4, 000 

7r>,  000 

Or  a  total  loss  of  20.6  per  cent.,  which  is  certainly  poor  economy. 
Possibly  it  may  be  found  practicable  to  reduce  that  amount  by  jxoing 
over  again  the  pieces  rejected  and  savinjjf  portion**  of  them.  There  is 
bere,  however,  a  wide  field  for  improvement  in  means  and  m^^tlKxls; 
bat  improved  methods  will  doubtless  be  forthcominjp:  if  the  production 
of  this  class  of  wire  is  to  take  rank  as  a  legular  branch  of  the  wire- 
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making  indastry.  The  methods  of  prodaction  that  must  be  employed 
for  mere  experimental  purposes  are  necessarily  more  or  less  cmde* 
Following  is  a  summary  of  the  results  of  tests  made  on  specimens  of 
this  wire,  and  also  on  several  varieties  of  imported  wire  used  in  gun  con- 
struction abroad ;  all  the  specimens  were  10  inches  in  length,  and  the 
tests  were  made  on  the  machine  at  Watertown  Arsenal : 


American  wire,  Otis  steel 

Bnglish  ribband 

French  round  wire  for  small  calibers 
French  ronnd  wire  for  larf(e  oalibera 


Cross-section 
of  wire. 


Sqxutn  inehet. 
.  0216 
.0147 
.001257 
.004926 


Te  n  sile 
strength. 


Poundt. 
176, 717 
270,023 
309.997 
328,257 


Elongation 

after 

rupture. 


Percent. 

2.04 

.47 

.47 

.77 


Redaction 
in  ar«a  aft 
er  rupture. 


Per  eenL 

16.8 
1&43 
22.01 
16.67 


The  S-inch  B.  L.  RiJUy  steel, 

A  second  jacket  has  been  furnished  for  this  gun  by  Sir  Joseph  Whit- 
worth  &  Company;  all  the  material  for  the  gun  has  been  procured,  sent 
to  the  West  Point  Foundry,  and  a  large  proportion  of  the  machining 
has  been  done,  and  the  manufacturers  have  begun  to  assemble  the  parts. 
A  mishap,  however,  has  already  occurred  in  shrinking  the  jacket  on 
the  tube,  which  has  occasioned  considerable  delay,  but  it  will  now  soon 
be  remedied. 

Midvale  Forgingsfor  an  Sinch  B,  L,  Rifle j  steel. 

The  Department,  last  spring,  contracted  with  the  Midvale  Steel  Com- 
pany for  a  tube,  jacket,  and  forged  trunnion-hoop  for  an  8-inch  gun, 
intending,  if  these  forgings  should  fulfill  the  contract  requirements,  to 
order  afterwards  the  hoops  for  the  gun.  These  are  the  largest  gun- 
forgings  yet  attempted  in  this  country,  and  the  results  are  looked  for- 
ward to  with  great  interest,  as  they  will,  if  successful,  demonstrate  the 
practicability  of  producing  the  steel  for  guns  up  to  8  inches  caliber 
with  the  facilities  now  at  the  command  of  our  own  manufacturers. 
They  will  further  show  a  step  in  advance  towards  the  production  of  still 
larger  forgings — an  end  earnestly  to  be  desired,  and  to  the  speedy 
consummation  of  which  a  very  material  impetus  would  be  afforded 
should  the  Department  be  enabled  this  year  to  place  a  considerable 
order  for  8-inch  gun-forgings.  The  physical  qualities  prescribed  for 
these  forgings  were  of  very  high  character,  such  as  is  desirable  for 
gun-steel — namely :  tangential  specimen  3  inches  long  for  tube  and 
jacket,  and  6  inches  long  for  the  hoop,  to  show  the  following :  ' 


Tube. 


Blastlo  limit pounds..,      48,000 

Tensile  strength do 90.000 

Elongation  after  rupture per  cent. . ;  21 


Trunnion 
boop. 


45,000 

95.000 

15 
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The  high  reputation  that  the  managers  of  the  Midvale  Steel  Works 
have  already  acquired  iu  the  production  of  smaller  gun  forgings  in- 
spires the  hope  that  they  will  also  be  successful  with  these  of  larger 
dimensions^  although  they  are  placed  perhaps  somewhat  at  a  disad- 
vantage, owing  to  the  small  size  of  their  hammer.  Both  tube  and 
jacket  have  been  forged,  and  are  now  being  rough* turned  and  bored 
prior  to  oil-tempering,  and,  so  far  as  appearances  go,  are  sound  and 
good  forgings. 

The  10  tAoA  B.  L.  Rifle,  steel  hooped. 

The  tube,  jacket,  and  trunnion-hoop  for  this  gun  were  ordered  last 
spring  from  Sir  Joseph  Whit  worth  &  Company,  with  the  agreement 
that  the  forgings  should  be  delivered  in  six  months  from  the  date  of 
contract.  The  qualities  specified  for  these  forgings,  and  which  Whit- 
worth  accepted  without  hesitation,  were  as  follows:  For  tangential  test 
specimens  3  inches  long  from  tube  and  jacket  and  6  inches  long  from 
trunnion  hoop,  viz: 


Tube. 


BlMtic  limit 


\ 


23  tons 

40,000  poonds 

j-ew«4  5  !  23  tons 

''■*"* i,  61,600  pound! 

TnuuiioD  hoop i 


20tonB. 
45,000  ponndif 


Elongation 
Tensile  strength.  I      after  rap- 
tare. 


42.4  tons lio«^-«*«* 

96.000  pounds  . . . '  T®  P«'  «»"*• 

96,000  "p<;iii*ds' : :  •  I  1 17  per  oent 

42  tons. 

95,000  pounds . . 


15  per  cent 


Under  date  of  July  28, 1885,  the  Department  advertised  for  the  hoops 
for  this  gun.  The  hoops  were  to  be  hammered,  as  their  length  was  greater 
than  coald  be  furnished  from  any  existing  rolling-mill  in  the  country, 
6ome  of  them  being  upwards  of  2  feet  in  length.  They  were  to  be  oil- 
tempered  and  annealed,  as  in  the  case  of  other  hoops  ordered  and  tested 
by  the  Department,  and  to  show  the  following  physical  qualities  as  de- 
termined from  the  test  of  tangential  specimens  6  inches  long  between 
shoulders : 

QUALITIES. 

Elastic  limit  over 55, 000  pounds. 

Tensile  strength  over 100, 000  pounds. 

Elongation  after  rapture  over 12  per  cent. 

The  lowest  offer  for  furnishing  these  hoops  came  from  the  Cambria 
Iron  €k>mpany,  Johnstown,  Pa.    These  large  and  well-known  steel  pro- 
ducers had  previous  to  this  taken  no  active  part  in  competing  for  the 
orders  or  contracts  of  the  Department  for  supplies  of  gun  steel ;  but 
it  was  well  understood  that  the  managers  had  the  whole  question  of 
steel  prodaction,  in  the  quantities  and  forms  and  of  the  qualities  suit- 
able to  the  necessities  of  the  Department,  under  careful  considera- 
tioii.  and  had  sent  their  officers  abroad  to  collect  information  and  to 
study  foreign  modes  of  practice.    This  office  had  previously  received 
4625  OBD 2 
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from  the  company  the  records  of  test  of  an  oil- tempered  and  annealed 
locomotive  tire,  which  were  certainly  promising,  namely : 


SlaBtio 
limit. 


Pounda. 
67,180 


Tensile 
strength. 


Poundt. 

IIU,  700 


Ultimate  elongation.  \  Beduotion  in  area. 


17. 5  per  cent  in  2)  inches |  47. 2  per  cent. 


Still  it  was  a  bold  step  to  undertake,  as  their  first  attempt,  the  man- 
ufacture of  these  large  hoops  under  such  severe  specifications ;  but  it 
argues  well  for  the  enterprise  nnd  self-reliance  of  the  Cambria  Com- 
pany. 

Experimental  Compound  Cylinders, 

In  connection  with  the  manufacture  of  experimental  guns,  the  Depart- 
ment has  made  it  a  practice,  in  the  case  of  each  distinct  type  of  gun, 
to  assemble,  with  the  shrinkages  proposed  for  the  gun,  a  short  cylinder, 
representing  a  section  of  the  gun  through  the  powder  chamber,  and  af- 
terwards dismantle  it.  By  this  means  it  has  been  enabled  to  judge  of 
the  accuracy  of  the  formulas  employed  for  the  calculation  of  the  shrink- 
ages and  the  radial  changes  corresponding  thereto,  when  put  to  a  prac- 
-tical  application,  and  thus  of  the  suitableness  of  the  theoretical  values 
to  the  purposes  of  actual  construction ;  and  incidentally  it  has  derived 
additional  information  regarding  the  qualities  of  the  metals  employed. 

From  these  experiments,  so  far  as  they  have  been  carried,  the  satis- 
factory conclusions  are  reached — (1)  that  since  the  free  tests  of  the  metal, 
♦,  «.,  as  made  with  the  testing  machine,  are  fully  confirmed  by  the  re- 
sults obtained  from  hooping  cylinders,  the  data  furnished  from  such  free 
tests  may  be  regarded  as  suitable  for  employment  with  the  formulas  re- 
lating to  the  hooping  of  guns;  and  (2)  that  the  formulas  themselves  are 
to  be  regarded  as  safe  guides  in  practice,  at  least  as  regards  radial 
changes,  when  applied  with  the  limitations  under  which  they  have  been 

deduced. 

The  striking  agreement  between  theory  and  practice,  as  regards  the 
radial  changes  that  occur  in  the  wall  of  a  compound  cylinder  under 
construction,  where  the  values  representing  the  qualities  of  the  metals 
have  been  judiciously  chosen,  and  the  measurements  of  the  radial 
changes  skillfully  made,  will  be  apparent  from  an  inspection  of  appendix 
27,  containing  the  report  on  the  assembling  and  dismantling  of  an  ex- 
perimental cylinder  for  the  8-iuch  B.  L.  rifle,  steel ;  whilst  appendix 

29 containing  an  analysis  of  similar  experiments,  made  in  connection 

with  the  construction  of  the  12-inch  B.  L.  rifle,  cast-iron,  hooped,  and 
tubed  with  steel — shows  that  even  when  allowing  some  latitude  in  the 
choice  of  the  physical  qualities,  as,  for  instance,  in  the  values  of  the 
co-efiicientsofelasticity,asatisfactorily  close  agreement  is  still  obtained. 

The  accuracy  of  the  theoretical  values  for  the  .elastic  resistance  of 
corapouiul  cylinders,  has  not  as  yet  been  verified  by  experiment,  and 
will  accordingly  be  made  the  subject  of  future  investigations,  operating 
upon  small  cylinders  by  means  of  hydraulic  pressure.    From  our  pres- 
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ent  knowlwlge  it  would  appear  that  the  theoretical  resisUnce,  as  com- 
pnted  by  formulas  now  in  use  by  the  Department  is  too  low,  as  meas- 
ured by  the  registered  powder  pressures  in  the  bores  of  guns,  or,  at 
least,  that  it  may  be  considerably  exceeded  in  practice  without  sensibly 
disturbing  the  elastic  equilibrium  of  the  gun.  For  instance,  with  the 
12-inch  mortar,  ho<)pe<l,  the  theoretical  radial  changes — correspondiug 
to  the  actual  shrinkages  employed — were  verified  with  a  very  fair  de- 
gree of  approximation  in  the  actual  construction  of  that  piece. 

But  the  corresponding  theoretical  elastic  resistance  of  the  system  to 
an  internal  pressure  was  only  about  11  tons;  not  taking  into  account, 
of  course,  the  resistance  of  the  casting  due  to  its  own  initial  tension  of 
some  5  tous.  Now  this  piece  has,  as  a  fact,  beeu  subjected  to  pressures 
iu  actual  firing  of  14, 15,  and  nearly  17  tons  i^er  square  inch  of  bore,  and 
yet  without  appreciable  deterioration ;  indeed  the  measurements  of  the 
bore^  after  the  firings,  show  a  pi'etty  regular  contraction  of  about  .001 
incb  on  the  diameter.  (See  Appendix  19.)  Theoretically,  a  pressure  of 
about  13.5  tous  per  square  inch  on  the  bore  would  have  sufficed  for  the 
extension  of  the  steel  hoops  to  their  elastic  limit — the  full  elastic 
strength  of  the  hoo{)S  not  having  been  utilized  iu  the  construction,  by 
reason  of  the  over- compression  of  the  casting  that  would  have  ensued, 
when  the  system  is  at  rest. 

The  Department  has  now  under  preparation  a  series  of  experiments  to 
test  the  frictional  resistance  exerted  between  cylinders  assembled  under 
shrinkage,  the  objects  proposed  being  to  ascertain  the  absolute  value  of 
sach  resistance  in  the  cases  under  test,  and  also  what  relation  the  fric- 
tioual  resistance  bears  to  the  normal  pressure,  aud  to  the  extent  of  sur- 
face of  contact  where  the  pressure  per  supei-ficial  unit  is  constant. 
These  experiments  are  regarded  as  of  great  importance  iu  theic  bear- 
mg  on  the  longitudinal  strength  afforded  by  the  shrinking  of  one  cyl- 
inder over  another,  and  also  on  the  coupling  of  tube  with  jacket  in  gun 
coustrnction. 

The  complete  records  of  the  assembling  and  dismantling  of  the  ex- 
perimental cylinders  representing  sections  of  the  12inch  mortar,  Sinch 
rifle,  and  12-inch  cast-iron  rifie,  hooped  and  tubed,  are  contained  in  Ap- 
pendices :i6,  27,  and  28. 

The  S'i7ich  Rifie^  converted. 

The  contract  for  the  50  rifies,  converted  from  10-inch  S.  B.  guns  by 
Uuing  with  a  steel  tube,  inserted  from  the  muzzle,  referred  to  in  my  last 
annual  reiK>rt,  was  awarded  to  the  West  Point  Foundry  Association  as 
the  lowest  bidder,  and  the  manufacture  of  the  tubes,  &c.,  to  the  Mid- 
vale  Steel  Compan3\  The  tubes  were  to  be  oil-tempered,  and  to  show 
on  3-inch  test  specimens,  taken  tangentially  from  each  end  of  tube,  the 
following  properties : 

ElMtio  limit 38, 000  pounds. 

T«niiile  Htrength 80,000  pouuds. 

Elongation  after  rupture Not  less  than  22  per  cent. 


• 
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The  work  on  these  gau8  is  well  advanced.  (See  Appendix  45.)  The 
60  casings  have  been  bored  out  for  the  reception  of  the  tubes,  and 
upwards  of  30  tubes,  and  a  large  proportion  of  the  small  forgiugs 
for  breech  cups  and  muzzle  collars,  have  been  accepted  and  sent  to  the 
West  Point  Foundry.  With  this  lot  of  50  guns  the  conversion  of  8. 
B.  guns  into  rifles  ceases,  as  the  total  number  of  couvert'Cd  rifles  on 
hand  will  equal  that  recommended  by  the  Senate  select  committee  in 
February,  1883.  Accordingly  no  appropriation  for  further  conversions 
has  been  aske<l  for. 

Alterations  of  Sea- Coast  Carriages. 

This  work  has  been  delayed  by  the  necessity  of  some  further  tests, 
but  the  original  number  of  carriages  undertaken  for  alteration  for  the 
15-inch  S.  B.  gun  and  the  11-inch  M.  L.  rifle,  converted,  have  been  com- 
pleted and  are  now  being  issued.  The  frequent  applications  made  from 
the  service  for  the  8-inch  rifles,  converted,  with  their  mountings,  has 
decided  the  Department  to  confine  its  alterations  during  this  year  to 
the  lO-inch  barbette  and  casemate  carriages,  adapting  them  to  the  serv- 
ice of  the  8-inch  rifles.  This  work  will  be  done,  as  heretofore,  at  the 
Watertown  Arsenal,  and  it  is  expected  that  50  carriages  will  be  com- 
pleted this  fiscal  year. 

Prismatic  Powders. 

The  Messrs.  Du  Pont  completed,  last  year,  their  new  and  large  press 
for  the  manufacture  of  this  kind  of  powder.  It  has  a  capacity  for  press- 
ing 124  prisms  at  one  time,  and  can  turn  out  12  pressings,  or  say  125 
pounds  of  finished  powder  per  hour.  They  have  also  devised  a  machine 
by  means  of  which  the  ingredients  of  the  powder  are  thoroughly  blended 
together,  the  effect  of  which  should  be  the  production  of  a  very  uni- 
formly-burning powder. 

A  sample  of  the  Dn  Pont  brown  prismatic  powder  was  first  tested  in 
the  12.25-inch  M.  L.  rifle  of  18.5  calibers  length  of  bore,  last  November, 
and  its  behavior  as  compared  with  that  of  the  German  prismatic  powder 
may  be  judged  from  the  following  extract  from  the  firing  records  of  that 
gun. 


Kind  of  powder.       • 


€h>miftn  brown  priamatic 

D.  1.8628 

DnPont's  browo  prismatio 
D.  1.8600  


Weight  of 
charge. 


Pounda, 
176 

176 


Projectile 
weight. 


Poundt. 


602 


Density  of 
loading. 


Velocity  at 

145  feet  from 

mnzzle. 


0.99968 
0.99968  i 


FeeL 
t458 

1,526 


Prennre  per 

aquare  inch 

of  bore. 


Poundt. 
23,800 

35,660 


These  results  were  promising,  and  another  sample  was  ordered  for 
trial  in  the  12-inch  B.  L.  rifle,  cast  iron.  The  first  sample  tested  in  the 
latter  gun  proved  entirely  too  slow-burning ;  the  velocity  and  pressure 
were  low,  whilst  a  considerable  quantity  of  partially  consumed  powder 
was  ejected  from  the  gun.  Further  samples  were  tested,  and  the  pres- 
ent status  of  the  Du  Pont  brown  powder,  as  compared  with  the  Ger- 
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man,  may  be  seen  from  tbe  following  extract  from  tbe  firing  records  of 
the  12-iueb  cast-iron  B.  L.  rifle  (see  Apx>endix  20): 


Kind  of  powder. 


Wefgbt  of 


Number  of 


charge,    i  projectile. 


GemuiD  brown  powder... 

D.  I.W28 

Da  Font'*  brown  powder. 

W.M 

D.  1.833 

Dn  Font's  brown  powder. 

y.M 

D.  1.833    


\ 


Pounds. 
266 

205 
205 


rk^...u»»#     Velocity  at 
^^;Si/«' 1264  feet  from 
loading.         '^„„ie. 


Pounds. 
800 

600 
800 


0.8303 
0.8363 

0.8363 


Fest 
1,703 

1,700 
1,677 


Preaanre  per 
sqnnre  inch 
of  chamber. 


Pounds. 
31,400 


26,800 
25,  (MO 


The  last  set  of  resnlts  represent  a  mean  of  5  rounds,  and  are  not  so 
favorable  as  tliose  in  tbe  preceding  line.  Tbe  latter  are  tbe  best  results 
tbas  far  obtained  witb  tbe  12-Jncb  B.  L.  Bifle,  all  tbings  considered, 
and  will  serve  as  tbe  basis  for  future  orders.  Tbe  results,  taken  as  a 
whole,  are  very  satisfactory,  and  demonstrate  tbe  ability  of  our  own 
manufacturers  to  equal,  if  not  excel,  tbe  best  results  attained  witb  pow- 
ders in  Europe.  Great  praise  is  justly  due  to  Mr.  Eugene  DuPont,  for 
tbe  ability  and  skill  displayed  in  bringing,  after  sucb  few  trials,  tbis 
new  mode  of  manufacture  to  so  successful  an  issue.  It  is  understood  tbat 
the  Englisb  Government,  after  experimenting  on  tbe  production  of 
brown  powder,  finally  purcbased  tbe  secret  of  its  manufacture  from  tbe 
German  manufacturers  at  a  price  of  £25,000. 

Breech-Joading  Devices. 

The  6.5-incb  gun  fitted  witb  tbe  Mann  breecb  mecbanism  was  tested 
and  reported  on  last  year.  (See  Appendix  23,  Keport  of  Chief  of  Ord- 
nance, 1884.)  Tbe  other  gun,  fitted  witb  tbe  Yates  breecb  mecbanism, 
has  been  in  tbe  bands  of  tbe  Board  for  Testing  Rifled  Cannon,  &c.,  since 
last  February.  Owing,  bowever,  to  repeated  changes  made  to  facilitate 
tbe  operation  and  fitting  of  tbe  parts,  up  to  date  only  sixteen  rounds 
have  been  fired.    A  progress  report  on  tbe  test  of  tbis  gun  is  contained 

in  Appendix  48. 

The  Multicharge  Oun, 

Tbis  gun  was  disabled  last  year,  at  tbe  33d  round,  by  tbe  failure  of 
tbe  steel  tube — ^a  crack  being  developed  tbat  extended  from  tbe  muzzle 
nearly  to  tbe  trout  pocket.  Tbe  gun  was  placed  in  a  serviceable  condi- 
tion, bowever,  by  tbe  application,  under  shrinkage,  of  steel  boops  to  tbe 
cbase,  and  on  December  10,  1884,  tbe  trials  were  resumed  under  tbe 
personal  supervision  of  Mr.  Haskell.  Tbe  firings  were  continued  until 
the  53d  round,  when  tbe  cast-iron  casing  of  tbe  gun  gave  way,  cracking 
lengthwise  in  a  line  connecting  tbe  first  and  third  loading  boles.  Tbe 
effect  of  tbis  rupture  was  to  permanently  disable  tbe  gun  from  furtber 
firing,  and  it  was  accordingly  laid  aside.  Tbe  additional  firing  record 
of  this  gun  is  contained  in  Appendix  21. 
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It  was  also  noted  that  after  a  rapid  fire  of  100  rounds,  executed  in  90 
minutes,  or  at  the  rate  of  66  rounds  per  hour,  the  temperature  of  the 
chase  of  the  gun  near  muzzle  was  370^  F. 

-  The  maximum  enlargement  of  the  chamlier  after  1,800  rounds  was 
•042  inch  on  the  diameter,  but  no  sensible  enlargement  occnred  after 
the  315th  round. 

The  maximum  enlargement  of  the  ilfled  portion  of  the  bore  was  from 
.03  inch  on  the  diameter  at  70  inches  from  the  muzzle,  to  .008  inch  at  the 
muzzle;  these  enlargements  were  produced  gradually  and  regularly  with 
the  firing  of  the  gun. 

The  difference  in  diameter  of  bore  as  between  the  gun  when  cold  and 
heated  from  firing  was  from  .004-inch  to  .008-inch. 

During  the  firing  the  piece  required  to  be  revented  several  times. 

The  steel  field  carriage  developed  a  weak  point  in  the  side  or  cheek- 
plates,  the  angle  iron  riveted  to  the  under  side  of  the  cheeks  was  broken, 
and  the  cheeks  became  distorted.  This  carriage  was  accordingly  with- 
drawn. The  cheek-plates  are  now  being  remodeled  so  as  tooffer  a  greater 
resistance. 

The  original  design  of  this  field  gun  has  been  subjected  to  some  slight 
modifications,  consisting  mainly  in  the  substitution  of  straight  for  curved 
lines  over  the  breech  portion  and  adding  in  other  parts  a  little  to  the 
weight. 

The  Department  has  contracted  with  the  Midvale  Steel  Company  for 
the  forgings  for  25  of  these  field  guns,  20  of  which  are  to  be  manufact- 
ured at  the  West  Point  Foundry,  and  the  remaining  5  at  the  Watertow^n 
Arsenal.  The  forgings  for  the  tubes  are  to  be  oil-tempered  and  annealed, 
instead  of  being  annealed  simply,  as  was  the  case  with  the  tube  for  the 
present  gun,  and  the  trunnion-hoops  are  to  be  forged  instead  of  being 
cast.  These  forgings  are  required  to  fulfill  the  following  conditions  as  to 
physical  qualities,  the  test  specimens  being  taken  tangentially  and  of 
2  inches  length  between  shoulders : 


Tabe. 


To„i,^*    Trunnion- 
Jacket,       ^^^ 


Elastic  limit ponnda..'      42,000'      50,000  48,000 


Tensile  stren^h  •. do. 

Elongation  attormpture percent.. 


88,000  I      95,000 
20  I  18 


95,000 
IS 


A  number  of  the  tubes,  jackets,  and  other  parts  have  already  been 
delivered,  and  accepted  as  fully  conforming  to  the  contract  require- 
ments. 

It  is  expected  that  the  1^5  guns  will  be  completed  early  next  spring. 

MACHINE  GUNS. 

Under  the  appropriation  for  this  purpose  the  Department  has  taken 
steps  to  procure  a  number  of  Hotchkiss,  Gardner,  and  Catling  guns,  for 
issue  to  the  service. 
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I  have  the  honor  to  sobinit  the  following  papers,  heretofore  referred 
to: 

Appendix  1. — Statement  of  principal  articles  procured  by  fabrication 
daring  the  year  ended  June  30, 1885. 

Appendix  2. — Statement  of  principal  articles  procured  by  purchase 
during  the  year  ended  June  30,  1885. 

Appendix  3. — Statement  of  ordnance,  ordnance  stores,  &c.,  issued  to 
the  military  establishment,  including  the  national  homes  for  soldiers  of 
the  volunteer  and  regular  Army,  and  exclusive  of  the  militia,  during 
the  year  ended  June  30,  1885. 

Appendix  4. — Apportionment  for  the  fiscal  year  ending  June  30, 1886, 
of  the  annual  appropriation  of  $200,000  for  arming  and  equipping  the 
militia,  under  sections  1661  and  1667,  Bevised  Statutes. 

Appendix  5. — Statement  of  ordnance,  ordnance  stores,  &c.,  distributed 
to  the  militia  trom  July  1,  1884,  to  June  30, 1885,  under  section  1667, 
Revised  Statutes. 

Appendix  6. — Statement  of  arms,  ammunition,  &c.,  distributed  to  the 
Territories  and  States  bordering  thereon  from  July  1,  1884,  to  June  30, 
1885,  under  the  joint  resolutions  of  July  3, 1876,  March  3, 1877,  and  June 
7, 1878,  and  the  act  of  May  16,  1878. 

Appendix  7.— Statement  of  ordnance,  ordnance  stores,  &c.,  distributed 
to  colleges  from  July  1,  1884,  to  June  30,  1885,  under  section  1225,  Ee* 
vised  Statutes. 

Appendix  8. — Report  of  action  taken  during  the  year  ended  June  30, 
1885,  under  the  provisions  of  the  act  approved  March  3,  1881. 
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Appendix  9. — Test  of  6-inch  shells  fired  by  the  Dynamite  Projectile 

Company.     (1  plate.) 
Appendix  10. — ^Test  of  15-inch  gun  carriage  altered  at  Watertowu 

Arsenal. 
Appendix  11. — Thayer's  dirrigible  balloon.    (5  plates.) 
Appendix  12. — Buckner's  aerial  drop  for  explosives.    (1  plate.) 
Appendix  13. — Firings  with  Hotchkiss  mountain  gun.     (2  plates.) 
Appendix  14. — Trial  of  banded  8-inch  projectiles  (experimental).    (7 

plates.) 
Appendix  15. — Winslow's  nitro-glycerine  shells.    (1  plate.) 
Appendix  16. — Garrick's  mortar  and  projectile  for  high  explosives. 
Appendix  17. — Trial  of  shells  charged  with  explosive  gelatine.    (1 

pUite.) 
Appendix  18. — Trial  of  Gardner  machine  guns.     (4  plates.) 
Appendix  19. — Preliminary  trial  of  the  12-inch  rifled  mortar.   ( 1  plate.) 
Appendix  20, — Progress  report  on  the  trial  of  the  12-inch  cast-iion 

breech-loading  rifle. 

Appendix  21.— Final  firing  and  rupture  of  the  6-inch  mnlticharge  gun. 
(2  plates.) 
Appendix  22. — Data  for  constructing  5-inch  siege  gun.    (1  plate.) 
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ORDNANCE  CONSTRUCTION. 

Appendix,  23.— Construction  report  of  the  cast- iron  body  for  the  10- 
inch  wire-wrapped  breech-loading  rifle. 

Appendix  2-^. — ^Construction  report  of  12-inch  cast-iron  breech- loading 
rifle.    (I  plate.) 

Appendix  25. — Construction  report  of  12  inch  cast-iron  rifled  mortar 
hooped  with  steel.    (5  plates.) 

Appendix  26. — Report  on  experimental  cylinder  from  the  12-inch  rifled 
mortar. 

Appendix  27. — Report  on  an  experimental  compound  gun  cylinder, 
from  >-inch  steel  rifle.    (4  plates.) 

Appendix  28.-^Report  on  experimental  cylinder  from  thel2-incli  oast- 
iron  breech-loading  rifle. 

Appendix  29. — Analysis  of  results  from  experimental  cylinder  repre- 
senting a  section  of  12  inch  breech -loading  rifle,  hooped  and  tubed. 

Appendix  30. — Experiments  with  molten  cast-iron  in  contact  with  oil- 
tempered  steel.    (I  plate.) 

Appendix  31. — Subjecting  oil- tempered  steel  to  a  high  furnace  beat. 
(2  plates.) 

Appendix  32. — Annual   report  of  Inspector  of  Ordnance  at   South 
Boston  Iron  Works.    (1  plate.) 

Appendix  33. — Computation  of  shriukages,  &c.,  for  8  inch  steel  rifle. 
(1  plate.) 

Appendix  34. — Tables  of  forgings  for  8, 10, 12,  and  16-inch  steel  guns. 

Appendix  35. — Proposed  12-inch  and  16-inch  breech-loading  steel  rifles. 
(1  plate.) 

Appendix  36. — Inspection  report  of  8inch,  experimental,  banded 
cored  shot. 

Appendix  37. — Inspection  report  of  8-inch  Hotchkiss,  banded,  cored 
shot.     (2  plates.) 

Appendix  38. — Manufacture  of  8  inch  chilled  projectiles. 

Appendix  39. — Inspection  report  of  12-inch  mortar  shells  and  sabots. 

Appendix  40.— Packing  cases  for  heavy  projectiles.    (2  plates.) 

Appendix  41. — Inspection  report  of  8  and  10  inch  shot  for  breech- 
loaders.   (1  plate.) 

Appendix  42. — Reconstruction  of  converted  8-inch  rifle,  No.  68,  breech 
insertion. 

Appendix  43. — Wire  drawing  from  steel  billet*  at  Trenton  Iron  Works. 

Appendix  44. — Progress  of  work  at  Midvale  Steel  Works. 

Appendix  45. — Converting  cast-iron  guns  into  8  inch  rifles  with  steel 
tubes.     (I  plate.) 

Appendix  46. — Cold  rolling  steel  bars  for  Woodbridge  gun.   (2  plates.) 

Appendix  47. — Manufacture  of  steel  gun  wire  at  Trenton  Iron  Works. 
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REPORTS  OP  THE  BOARD  POR  TESTING  RIPLED  CANNON  APPOINTED 

UNDER  THE  ACT  OP  JULY  5,  1884. 

Appendix  43. — Progress  report  on  the  8-iDch  Yates  breech-loadiug 
rifle. 

Appendix  49. — Report  of  trial  of  3.2-iDGh  breech-loading  steel  rifle. 
(3  plates.) 

MISCELLANEOUS    REPORTS. 

Appendix  50. — Beport  of  the  principal  operations  at  the  United  States 

Powder  Depot,  Dover,  N.  J.,  daring  the  fiscal  year  ended  June  30, 1885. 

(2  plates.) 
Appendix  51. — ^Report  of  the  principal  operations  at  the  Rock  Island 

Arsenal,  Illiuois,  daring  the  fiscal  year  ended  June  30, 1885.    (8  plates.) 
Appendix  52. --Method  of  sighting  8  inch  rifles.    (1  plate.) 
A^^endix  53. — ^Report  on  the  pole  lift  for  field  artillery  carriages.    (1 

plate.) 
Appendix  54 — Experimental  carriage  and  ammunition  cart  for  Oat* 

ling  gnus.    (3  plates.) 
Appendix  55. — Saddle  carriage  for  Hotchkiss  Mountain  gun.   (1  plate.) 
Appendix  56. — ^Metallic  limbers  for  3.2-inch  field  carriages.    (6  plates.) 
Appendix  57. — Metallic  carriages  for  3.2-inch  steel  gun.    (1  plate.) 
Appendix  58. — Metallic  caisson  and  battery  wagon  for  field  service,' 

and  wagon  for  ammunition  column.    (5  plates.) 
Appendix  59. — Artillery  machines.    (1  plate.) 
Appendix  60. — ^Metallic  carriages  for  Gatling  guns.    (6  plates.) 
Appendix  61. — Showing  the  Stations  and  duties  of  the  officers  of  the 

Ordnance  Department. 
I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

S.  V.  BBNfiT, 
Brigadier- Oeneraly  Chief  of  Ordnance. 

To  the  Hon.  Seoretary  op  War. 
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statement  of  principal  articles  procured  by  fabrication  durii^  the  fiscal 

year  ended  June  30,  1885. 

Glass  II. 

35  gun  carriages  for  Life-Saving  Service. 

20  metallic  carriages  and  limbers  for  Gatling  guns. 

1  field  caisson  and  limber. 

1  battery  wagon  and  limber. 

4  metallic  limbers  for  3.2'inch  rifle. 

7  carriages  and  chassis  for  15-inch  gun. 

1  " Brewers"  carriage  and  chassis  for  15-inch  gun. 

1  ^^Timbys"  carriage  and  chassis  for  15  inch  gun. 

3  carriages  and  chassis  for  llinch  rifle. 

6  barbette  carriages  and  chassis  for  8-inch  rifle. 

2  casemate  carriages  and  chassis  for  8-inch  rifle. 

Glass  III. 

3  breech-sights  for  Hotchkiss  mountain  guns. 

4  breech  sights  for  Hotchkiss  revolving  cannon. 

7  breech-sights  for  3.2-inch  rifles. 

2  breeclisigbts  for  L2-pounder  mountain  howitzer. 

50  breech-sights  for  8-inch  rifles. 

10  iron  water  buckets. 

15  maneuvering  bars. 

6  elevating  bars  for  15-inch  gun. 

6  elevating  arcs  and  indices  for  8inch  rifles. 

2  fuze  blocks. 

4  fuze  plug  wrenches. 

16  gunners'  gimlets. 
12  gunners'  pincers. 

4  gun  covers  for  Oatling  guns.        , 

1  gun  cover  for  12-pounder  mountain  howitzer. 

35  gunners'  haversacks  for  Beveiiue  Marine  Service. 

3  handspikes. 

232  sets  artillery  harness  for  2- wheel  horses. 

150  sets  artillery  harness  for  2-lead  horses. 

34  harness  sacks. 
50  lanyards. 

93  muzzle  or  front  sights. 

70  powder  measures. 

57  priming  wires. 

1  pouch  for  sights. 

35  quoins  for  Life-Saving  Service. 

I 
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20  oilers  for  Oatling  gun  carriages. 

3  plummets. 

100  securiug  stakes. 

2  pendulum  hausses  for  12-pounder  guns. 

2  shot  carriers. 

48  sponge  covers  for  3-inch  rifles. 

4  sponge  covers  for  12pounder  guns. 

35  sponge  covers  for  2j^inch  life-saving  guns. 

1  sponge  and  rammer  for  Hotchkiss  mountain  gun. 

16  sponges  and  rammers  for  12-pounder  mountain  howitzer. 

12  sponges  and  rammers  for  12pounder  guns. 
148  sponges  and  rammers  for  3-inch  guns. 

35  sponges  and  rammers  for  2^-inch  life-saving  guns. 

6  thumbstalls. 

126  tompions  for  3inch  rifles. 

2  tompions  for  3.2-inch  rifles. 
124  tompions  for  12-pounder  guns. 

7  tompions  for  10-inch  rifles. 

13  pendulum  hausse  pouches. 
600  vent  gimlets. 

114  vent  covers. 

600  vent  punches. 

29  vent  pieces. 

32  wipers  for  mortars. 

35  wipers  for  2^-inch  life-saving  guns. 

2  water  tubs. 

4  worms  and  staves  for  3-inch  rifles. 

2  worms  and  staves  for  12-i)ounder  guns. 

Glass  IV. 

522  3-inch  Eureka  shot. 

979  4.2  inch  Eureka  shot. 

30  8  inch  shot. 

522  3-inch  Eureka  shells. 

2,465  3.2-iuch  shells. 

1, 500  3.2-inch  case  shot. 

Class  V. 

13  3.2-inch  wire  canister. 

7  8-inch  service  canister. 

9  8-inch  choke  canister. 

Glass  VI. 

37, 557  Springfield  rifles,  caliber  .45. 

100  officers'  rifles,  caliber  .45. 

2, 500  Springfield  cadet  rifles,  caliber  .45. 

500  Springfield  shotguns. 

500  officers'  swords. 

5, 000  hunting  knives. 

Class  VII. 

ARTILLERY  ACOOUTBBMBNl^.  ' 

11  knapsacks  for  light  batteries. 
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if  500    carbine  slingH, 
2, 600    saber  belt8. 
M    8aber-belt  plateis. 

INFANTRY  BQUIPMBNT8. 

5, 900  bayonet  scabbard. 

10, 237  bayonet  scabbard  bodies. 

10, 135  blanket  bags. 

10, 135  blanket-bag  shoulder  straps. 

10, 925  pairs  coat  straps. 

9, 049  cartridge  boxes,  pattern  1874,  McKcever. 

200  cartridge  boxes,  caliber  .45,  with  wood  blocks. 

11, 600  canteet)S. 

9, 650  canteen  straps. 

1, 250  cartridge-belt  plates. 

222  frogs,  sliding. 

15, 2^9  gunslings. 

8, 925  haversacks. 

6, 800  haversack-straps. 

5, 000  hunting  knife  scabbards. 

470  meat  cans. 

750  magazine  belts  for  Lee  rifle. 

100  officers'  sword  belts. 

12  shoulder  belts  and  plates. 

30  sheaths  for  intrenching  tools. 

4, 945  tin  cups. 

3, 301  waist  belts. 

2, 421  waist-belt  plates. 

6, 455  waist  belts  and  plates. 

750  waist  belts,  black  leather. 

APPENDAGES. 

33, 000  headless  shell  extractors. 

11, 720  front  sight  covers  for  rifles  and  carbines. 

28, 766  screw-drivers. 

18, 650  wooden  wiping-rods. 

HORSE  BQUIPMENTS. 

4, 701  bridles,  curb,  cavalry. 

1, 021  bridles,  watering. 

5, 061  bits,  curb,  cavalry. 

2, 783  cinchas,  or  hair  girths. 

10, 180  curry  combs. 

1,001  halters  and  straps. 

7,271  horse  brushes. 

500  horse  covers. 

1,000  lariats. 

2,000  saddles,  cavalry,  leather  covered. 

65  saddle  cloths,  hair. 

6,300  spur  straps. 

34  brush  and  shoe  pouches. 
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Class  VIII. 

33,496  blank  cartridges,  3-inch  gun. 

4,463  blank  cartridges,  6pounder  gun. 

6,800  blank  cartridges,  ^  poand. 

1,730  blank  cartridges,  1  pound. 

2,000  .blank  cartridges,  2  pound. 

9,125  blank  cartridges,  12-pounder  mountain  howitzer. 

28,005  blank  cartridges,  12poundBr  gun,  light. 

300  blank  cartridges,  12-pounder  gun,  heavy. 

60  blank  cartridges,  3.2-iuch  gun. 

3,301,187  rifle  ball  cartridges,  caliber  .45,  reloading. 

848,520  rifle  and  carbine  blank  cartridges,  caliber  .45,  reloading. 

1,763  rifle  ball  cartridges,  caliber  .45,  experimental. 

1,619,626  carbine  ball  cartridges,  caliber  .45. 

863,608  revolver  ball  cartridges,  caliber  .45,  reloading. 

141,310  revolver  blank  cartridges,  caliber  .45,' reloading. 

6,490,960  rifle  bullets,  caliber  .45,  500  grains. 

1,980,413  carbine  bullets  caliber  .45,  405  grains. 

1,868,000  round  balls,  caliber  .45. 

300,000  revolver  bullets,  caliber  .45. 

100  paper  fuzes,  5  seconds  to  the  inch. 

100  paper  fuzes,  8  seconds  to  the  inch. 

100  paper  fuzes,  12  seconds  to  the  inch* 

100  paper  fuzes,  15  seconds  to  the  inch. 

200  paper  fuzes,  20  seconds  to  the  inch. 

100  paper  fuzes,  25  seconds  to  the  inclk. 

43  metallic  time  fuzes. 

209,800  friction  primers. 

5,150  electric  primers  for  cannon* 

20  Erupp's  cannon  primers. 

75  friction  obturating  primers. 

Glass  IX. 

300  blocks. 

22  half-blocks. 

28  quarter-blocks. 

3  snatch  blocks. 

2  capstans. 

8  capstan  bars. 
2  gun  chocks. 

54  roller  chocks. 

1  gun  collar. 

1  cradle  for  heavy  guns. 

5  gin  falls. 

10  handspikes,  gin. 

14  rollers,  long. 

12  rollers,  short. 

30  shifting  planks. 

38  skids. 

7  sling  chains. 

1  sling-cart,  small. 

1  trunnion  loop. 

2  platforms  for  mortars. 

9  platforms  for  siege  carriages. 
60  Elliott's  intrenching  tools. 
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30  trestles  for  sie^e  raortars. 

1  gun-lift  for  15-iDeh  gun. 

1  implement  and  tool  cart. 

1  Sanger's  gun  shield. 

10  marking  outfits. 

30, 000  marksmen's  buttons. 

7, 650  marksmen's  pins. 

4, 000  sharpshooters  badges. 

60  leather  bags  for  intrenching  implements. 

1  trace  rope. 

1  tripod,  sighting. 
63  disks. 

19, 054, 000  pasters  for  targets. 

417  signal  flags. 

120  shot  marks. 

263  streamers  for  rifle  range. 

166  targets,  Laidley,  revolving. 

2  targets,  Brinten. 
30  targets,  Gushing. 

1  target,  Lancaster. 

1  target,  Texas. 

61, 600  paper  targets. 

1, 672  target  frames. 

1  plane  table. 

RELOADINO  TOOLS. 

12  adjustable  chargers,  Michaelis. 

100  chargers. 

415  relo£^ing  dies. 

499  resizing  dies. 

280  priming  tools. 

1  primer  punch. 

405  combination  anvils. 

135  drifts. 

265  funnels. 

478  reloading  punches. 

294  resizing  punches. 

201  shell  scrapers. 

200  wiping  rods. 

Glass  X. 

1  metal  ammunition  chest. 

1  shaft  for  Laidley  cavalry  forge. 

6  poles  for  artillery  carriages. 

4  middle  rails  for  field  caissons. 

4  brass  boxes  for  15*  inch  carriages. 

16  bolts  and  nuts  for  15-inch  carriages. 

3  cylinder  straps  for  15-inch  carriages. 
8  forks  for  field  limbers. 

6  foot  boards  for  field  limbers. 

8  hounds  for  foot  limbers. 

80.  trunnion  rings,  eccentric  for  8*inch  B.L.  rifle 

8  shoes  for  No.  1  wheels. 

74  collars. 

62  leg  guards. 
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6  breast  straps. 

24  collar  pads. 

1  seat  (front  sight)  for  3.2-inch  gun. 

1  thambscrew  for  rear-sight  of  Hotchkiss  gun. 

12  splinter  bar  traces. 

12  rammer  heads  for  30-pounder  Parrott. 

*  115  woolen  sponges  for  3-inch  rifled  guns. 

20  woolen  sponges  for  12pounder  mountain  howitzer. 

12  woolen  sponges  for  8-incb  rifle. 

6  woolen  sponges  for  15-incb  guns. 

600  copper  bands  for  3.2-inch  shells. 

100  bushings  for  4.5-inch  Bntlei  shells. 

SPARE  PARTS  OF  SPRINGFIELD  RIFLE  AND  CARBINE,  VIZ: 

2124  stocks  (wood  part)  Springfield  rifle. 

171  tips. 

169  tip  screws. 

1, 950  ramrod  stops. 

464  band  springs. 

490  side-screw  washers. 

308  butt  plates. 

850  butt-plate  screws. 

153  butt-plate  covers. 

204  cover-springs. 

35  cover-spring  screws. 

128  cover-friction  springs. 

200  cover-stud  pins. 

420  guard  plates. 

238  guard  bows. 

643  guard-bow  swivels. 

780  guard-bow  swivel  screws. 

304  guard-bow  nuts. 

11, 278  triggers. 

994  trigger  screws. 

1, 055  guard  screws. 

4, 748  rear-sight  bases. 

2, 962  rear-sight  base  spdngs. 

1, 288  rear-sight  base  screws. 

2, 005  rear-sight  leaves. 

308  rear-sight  slides,  complete. 

1, 068  rear-sight  slide  plates. 

1, 468  reai'-bight  rlide  blocks. 

4, 619  rear-sight  slide  springs. 

2, 034  rear-sight  slide  screws. 

182  rear-sight  centering  pins. 

524  rear-sight  joint  pins. 

3, 747  rear-sight  buckhorn  plates. 

2, 679  rear-sights,  complete. 

47  barrels,  complete. 

5, 795  extractors. 

2,582  hinge  pins. 

4, 175  ejector  springs. 

894  ejector-spring  spindles. 

972  ejector  studs. 

61  cam  latches. 
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404  breech  block  caps. 

370  thomb  pieces. 

1  breech  block. 

121  breech-block  cap  screws. 

10, 519  firing  pins. 

2, 713  firing-pin  screws. 

1, 953  cam-latch  springs. 

53  breech  screws. 

1,320  front  sights. 

1,232  front-sight  rivets. 

1,643  tang  sciews. 

183  bands,  upper. 

200  band  swivels. 

14  band-swivel  pins. 

645  bands,  lower. 

187  lock  plates. 

510  main  springs. 

369  maiu-s|iring  swivels: 

582  main-spring  swivel  rivets. 

449  hammers. 

3, 935  tnmblers. 

Ij  291  tumbler  screws. 

594  bridles. 

2, 291  bridle  screws. 

2, 587  sears. 

2, 473  sear  screws. 

359  sear  springs. 

1, 486  sear-spring  screws. 

101  locks,  complete. 

1, 243  side  screws. 

1,570  ramrods. 

366  bayonet  clasps. 

348  bayonet-clasp  screws. 

1, 688  bayonets,  complete. 

100  swivel  bases. 

100  swivel  bars. 

2  swivels,  complete. 
181  stocks,  complete. 

87  band  gun-sling  swivels. 

52  band  stacking  swivels. 

2  bauds  for  ofiicers'  swords. 

1  blade  for  ofidcer's  sword. 

1  hilt  for  officer's  sword. 

2  scabbard  tips  for  officers'  swords. 

4  scabbardtip  screws  for  officers'  swords. 

50  guards  for  cavalry  officers'  sabers. 

100  broad  sword  blades,  wood. 

3, 039  pistol  grips. 

263  pistol- grip  screws. 

200  rod  bayonet  springs. 

600  rear-sight  gibs. 

3  barrels  and  receivers  for  Springfield  shotgun. 
10  front  sights  for  Springfield  shotgun. 

1  bolt  for  Cha7ee-Beece  rifle. 

1  cartridge-lifting  spring  for  Chaffee-Keece  rifle. 

10  ejector  springs  for  Chaffee-Beece  rifle. 
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10  extractors  for  Ghaffee-Reece  rifle. 

10  firing  pius  for  Chaffee-Reece  rifle. 

20  main  springs  for  Cbaffee-Reece  rifle. 

19  extractors  for  Springfield  shotgun. 

2  stocks  (wood  part)  for  Sprincrfield  shotgun. 

1,  012  firiug-i)in  springs. 

2, 000  buckles,  bar,  brass,  f  inch. 

10, 000  buckles,  wire,  brass,  f  inch. 

6, 457  canteen  covers. 

140  hooks,  brass,  for  canteen  straps. 

904  cartridge  blocks,  caliber  .45  "  R.  I.  M." 

80  thongs,  lacing  for  cartridge  belts. 

500  bridle  reins. 

894  ciucha  straps. 

1,  000  curb  straps. 

5f  000  fasteners  for  side  lines. 

3, 036  foot  staples,  brass. 

271  girth  straps. 

4, 100  halter  straps. 

500  headstalls  for  bridles. 

10, 000  hooks,  double  S. 

50  hook  straps. 

1, 485  halters. 

498  girth  safes. 

100  loops  for  saber-belt  plates. 

2,  048  ovals,  guard-plat«. 
300  rings,  iron,  2|  inch. 

5, 000  staples  for  rings. 

2, 000  stirrup  straps. 

70  slides,  brass,  with  hooks. 

50  saber  hooks  and  bands. 

16  staples  for  valise  straps. 

1, 352  cartridge  bags,  i  pound. 

20  cartridge  bags,  1  pound. 
520  cartridge  bags,  2  pounds. 

10, 854  cartridge  bags,  3-inch  gun. 

6,500  caitridge  bags,  6-ponnder  gun. 

300  cartridge  bags,  10-inch  Rodman  gun. 

31,850  cartridge  bags,  12pounder  gun. 

2,450  cartridge  bags,  3.2-inch  breech-loading  chambered  rifle. 

15,000  cartridge  bags,  12-pounder  mountain  howitzer. 

200  cartridge  bags,  6.5-inch  Mann  rifle. 

19  cartridge  bags,  12-inch  breech-loading  rifle. 

2,879,000  carbine  cartridge  wads. 

11,791,000  cartridge  primers. 

6,160  cartridge  shells,  rifle. 

20,000  cartridge  shells,  revolver. 

33^490  cartridge  shells,  shotgun. 

1,745  parts  of  Laidley  revolving  targets. 

43  parts  of  Cusliing  target. 

12  washers  for  reloading  punch. 

12  caps,  crimping  die. 

100  tools,  primer  box. 

1  plug,  gauging,  resizing  die. 

2  screws,  priming  tool  spindle. 

1  mallet  for  reloading  tools. 

2  poles  for  sling  cart. 
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MISCELLANEOTTS. 

2,014  arm  chests. 

4,602  boxes,  packing. 

10  boxes,  packing,  tin. 

321  cans,  tin. 

1  case,  office. 

201  boxes  reloading  tool. 

100  boxes,  paper. 

200  bags  for  powder. 

1  set  harness. 

15  aprons,  smiths'. 

1  block,  priming,  lead. 

296  brashes. 

87  bits,  assorted. 

50  quarts  blacking  for  leather. 

1  caliper. 

1  cart. 

413  chisels,  various. 

20  clamps,  saddlers'. 

500  chamois-skin  cases  for  swords. 

936  disks,  pressure,  copper. 

377  dies,  various. 

866  drills. 

36  cylinders,  crusher-gauge. 

600  cylinders,  copper. 

115  boxes  cleaning  material. 

5  funnels. 

1, 089  files,  assorted. 

363  files,  rotary. 

350  pounds  fulminate  of  mercnry. 

134  gauges,  assorted. 

2  gas-checks  (De  Bange). 
420  pounds  grease,  wheel. 

4  gauges,  ring,  for  setting  star  gauge. 

2  gauges,  ring,  for  projectiles. 

2  gauges,  fuse  thread. 

1  gftuge,  expansion  caliber. 

2  gauges,  pressure. 
10  hammers. 

14  horses,  saddlers'. 

158  boxes,  ingredients  for  leather  blacking. 

80  gallons  lacker. 

28  mallets. 

1  machine,  milling. 

1  machine,  bullet-lubricating. 

1  machine,  bullet-pressing. 

1  machine,  cartridge-heading. 

1  marker  for  cartridge  bags. 

1  set  model  rifle-ball  cartridge,  caliber  .50. 

1  model  rifle  bullet,  caliber  .50.    ' 

3  molds,  fuse  plug,  3.2''  projectile. 

6  molds,  lead  bar. 
10  measures,  tin. 

1,554  mills,  armorer's. 

104  mandrels. 
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11 

measaring  points,  star  gauge. 

2 

maals. 

7,346 

pounds  oil,  harness. 

4 

punches,  assorted. 

171 

pounds  paint,  black. 

1,750 

pounds  paint,  olive. 

2,300 

pounds  paint,  assorted. 

2 

pounds  putty. 

10 

plates,  wrought-iroD. 

16 

pans,  dust. 

&|  pounds  polish  for  leather. 

50 

pounds  polishing  materials. 

482 

racks,  arm,  portable. 

389 

reamers. 

8 

rods,  measuring,  adjustable. 

1 

scale,  pressure. 

2 

scrapers,  iron. 

14 

pair  slippers,  magazine. 

10 

sets  stamps,  figures. 

3 

stamps,  seal. 

1 

star  gauge. 

826 

parts  of  stoves. 

10 

pounds  scouring  materials. 

1 

set  stencil  outfit. 

2 

star- gauge  guides. 

2 

scoops. 

3 

stamps,  shell  and  flame. 

1 

star-gauge  support. 

207 

taps,  various. 

885 

tools  for  current  service. 

1 

set  fuse  tools. 

1 

templet,  fuse. 

2 

templets,  screw-thread  8inch  rifle. 

2 

sets  tools,  crusher-gauge. 

1 

set  tools,  obdurating  primer. 

2 

one-horse  wagons. 

70 

pounds  wax,  black. 

8 

wheelbarrows. 

1 

wrench  and  tap  for  vent  piece. 

1 

wire  inspecting  instrument. 

12 

iron  posts  for  military  reservation. 

1 

pair  pole  straps,  draught  harness. 

1 

grindstone  frame. 

15 

tree  guards. 

7 

button  sticks. 

2 

straps,  steel. 

Appendix  2. 


Statement  of  principal  articletf  procured  by  purchase  during  the  fiscal  year 

ended  June  30,  1885. 

Class  I. 

1  8-inch,  Yates,  breech-loading  rifle,  converted. 

1  6^-inch,  Mann,  breech-loadiug  rifle,  converted. 

1  12-inch  rifled  mortar,  hooped  with  steel. 

32  Oatling  guns  ^10  barrel),  caliber  .45. 

1  Hotchkiss  rapid  flring  cannon,  57*"*" 
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Class  II. 
4    Ammunition  chests  for  Hotchkiss  rapid-firing  cannon,  57 

Class  III. 

8  chocks,  15-inch  gun. 

14  buckets. 

20  feed-cases,  Gatling  gun,  caliber  .45. 

128  feed-magazines,  Oatling  gnu,  caliber  .45. 

4  gun  scrapers. 

2  mortar  wipers. 

100  panlins  12  by  15  feet. 

8  pinch  bars. 

19  sight  seats  for  guns. 

Class  IV. 

300  15-inch  solid  shot. 

309  12  inch  cored  shot. 

308  12-inch  mortar  shell. 

1,010  8-inch  Butler  shot 

25  8inch  Butler  shell. 

6  8-inch  steel  shot. 

223  8-ineh  Hotchkiss  shot. 

4  8-inch  nitro- glycerine  shell. 

6  6-inch  dynamite  shell. 

500  steel  shell  for  Hotchkiss  rapid-firing  cannon,  57 

500  empty  metallic  cases  for  Hotchkiss,  57™°"  gun. 

8  glass  bottles  for  shell. 

Class  VI. 

550    Hotchkiss  magazine  rifles,  caliber  .45. 
750    Lee  magazine  rifles,  caliber  .45. 
2,000    Colt's  revolvers,  caliber  .45. 

11 
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Class  VII. 

2^110  saddle  blankets,i  cavalry. 

16  curry  combs. 

4  horse  brushes. 

3, 550  sets  knives,  forks,  and  spoons. 

Class  VIII. 

1, 200  pounds  blasting  powder. 

10, 179|  ponnds  brown  prismatic  powder. 

17, 100  pounds  hexagonal  powder. 

40, 000  pounds  mortar  powder. 

121,500  pounds  musket  powder. 

700  pounds  square  powder. 

500, 000  rifle-ball  cartridges,  caliber  .50. 

115, 000  rifle-ball  cartridges,  caliber  .45. 

20, 000  primed  shells,  caliber  .50. 

350  Hotchkiss  base  fuzes. 

100, 000  lubricated  bullets. 

400  paper  shells. 

1 12, 000  pri  mers  for  cartrid  ges, 

27, 150  pounds  drop  shot. 

1, 152, 000  wads. 

22  feet  safety  fuze. 

Class  IX. 

8  double  blocks. 

6  single  blocks. 

5  pulley  blocks. 

2  quadruple  blocks. 

3  tackle  blocks. 

5  triple  blocks. 
1  gin  fall. 

3  gin  slings. 

6  hydraulic  jacks. 
5  lifting  jacks. 

24  steel  pins  for  15inch  carriage. 

3  sling  chains. 

44  steel  wheels  for  15-incli  carriage. 

52  steel  rollers  for  15  inch  carriages. 

40  whiteoak  rollers. 

8  iron  rollers. 

4  gun  slings  (rope). 

Class  X. 

4,  464  bar  buckles. 

189^  pounds  escutcheon  pins. 

2, 208  halter  bolts. 

4, 452  halter  squares. 

11,349  roller  buckles. 

6, 444  rings. 

8  saddle  trees. 

307  8  inch  Butler  sabots. 

200  12-incli  mortar  sabots. 

8,  670  spring  snaps. 
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8  pairs  stirrups. 

9, 709  gnn  stocks. 

500  tin  straps  for  sabots. 

80  wheels  for  artillery  carriages. 

4, 278  parts  of  Colt's  revolver. 

80  parts  of  Oatling  gun. 

125  parts  of  Hotchkiss  gan. 

89  parts  of  Hotchkiss  magazine  rifle. 

105  parts  of  Le§  magazine  rifle. 

900  parts  of  Scofleld^  Smith  &  Wesson  revolver. 

100  parts  of  rifles. 

30  parts  of  infantry  eqaipments. 
47  parts  of  gun  carriages. 

24  pin  tie- bolsters  for  sea-coast  carriages. 

156  rubber  bnflfers  for  15-inch  carriages. 

20  gun  checks,  Mann  6^-inch  breech-loading  rifle. 

100  copper  bands,  Mann  Clinch  projectiles. 

1  set  loading  tools,  Hotchkiss  rapid-flring  cannon,  57*". 

10  bands,  12-inch  Hotchkiss  shot. 

PART  SECOND:   CLOTH,  ROPE,  THREAD,  &C. 

132    yards  bnrlaps. 
32    yards  cloth,  oiled  and  enameled. 
6    yards  cloth,  woolen. 
12    yards  cloth,  rubber. 
62, 2184  yards  cotton  cloth. 

657    yards  cotton,  felt,  and  petersham. 
7, 472    pounds  cotton  waste. 
1, 709|  pounds  cord  and  twine. 
1, 253    yards  (M)rd  and  twine. 
12}  yards  canvas. 

31  yards  carpeting. 

51  yards  canton  flannel. 
328f  yards  flannel. 

2, 246  pounds  hair. 

105  ponnds  marline. 

100  feet  marline. 

52  pounds  moss. 
20  yards  matting. 

145    pounds  oakum. 
10,365f  pounds  rope. 

39    ponnds  sewing  silk. 
36    spools  sewing  silk. 
100    yards  tape,  braid,  &c. 
1, 877f  pounds  thread. 
94    spools  thread. 
5    yanls  ticking. 
112    towels. 
35    yards  toweling. 
36, 288    yards  webbing. 

34f  yards  window  shades. 

44  window  shades. 

45  pounds  yarn. 
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FORAGE. 

17, 661  pounds  barley. 

19, 936  pounds  bran. 

391  bushels  corn. 

28j  barrels  flour. 

22  bushels  grass-seed. 

9,406  pounds  ground  feed. 

200, 641  pounds  hay. 

22, 634  pounds  weal. 

8, 349$  bushels  oats. 

10  bushels  rye. 

20  bushels  salt. 

1, 610^  pounds  salt. 

88, 646  pounds  straw. 

IRONMONGERY. 

60$  pounds  babbitt  metal. 
36    bath-tubs  and  fixtures. 
606, 340    pounds  I  and  channel  beams. 
7    belis. 
22    blind-fasteners. 
3    boilers. 
7,761     bolts. 
127    pounds  bolts. 
6    pounds  brads. 
136    papers  brads. 
61^  pounds  brass  rods. 
62    feet  brass  rods. 
2, 801^  pounds  sheet  brass. 
100    buckles,  assorted. 
103^  pounds  burrs. 
636    buttons. 
3    sets  castors. 
2, 607    pounds  bronze  and  brass  castings. 
99, 166    pounds  iron  castings. 
70    iron  castings. 
384    pounds  steel  castings. 
2, 260^  pounds  chain. 
6, 182    feet  chain. 

433    cocks,  assorted. 
14, 369J^  pounds  bar  copper. 
263,392^  pounds  cartridge  copper. 
]6,833|  pounds  sheet  copper. 
42    couplings. 
1    set  couplings. 
97    door-catches  and  fixtures. 
19    escutcheons. 
30, 144    eyelets. 
397    gas  burners. 
614    gas  fixtures,  assorted. 
18    papers  glazier's  points. 
962    pennyweights  gold. 
1, 480    pounds  grate-bars. 
1, 186    pairs  hinges. 
1,248    hooks,  assorted. 
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9, 908    horseshoes. 
525    pounds  horseshoe  nails. 
28    hose  fittings. 
4, 471 J  pounds  hoop  iron. 

85^^^  tons  pig  iron. 
5,  471    pounds  sheet  iron. 

;  iron. 


'.  /' 
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I  plate  steel. 
3,361     iK>nnd8  steel  forgiugs. 
15, 216     i>ounds  sheet  steel. 
6    iK>nud8  staples. 
34     staples. 
2,117,041     tacks. 

237^  IK)nnds  tacks,  assorted. 
^  159}  pounds  block  tin. 
1, 01l|  pounds  tin- foil. 
109|  boxes  sheet  tin. 
2, 444    square  feet  tin. 
210^  pounds  tubing. 
12    feet  tubing. 
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1994  pounds  washers. 

696    washers. 

171    water  closets  and  flxtares. 
6, 036§  pounds  brass  wire. 
16, 807    pounds  copper  wire. 

500    feet  copper  wire. 

757J'  feet  wire  cord. 
27|  pounds  German-silver  wire. 
17, 466|  pounds  iron  wire. 

226^  feet  plalinuin  wire. 
1, 214    feet  wire  grating  and  netting. 

134^  square  yards  wire  cloth. 
5, 150f  pounds  steel  wire. 
1, 764    wire  ferrules,  assorted. 

263    window  fixtures. 
2, 519    pounds  zinc. 

300    tin-can  screws. 

110    lightning  fixtures. 

LEATHER,  HIDES,  &C. 

1, 900    feet  belt  lacing. 
1, 642^  pounds  bristles. 
334|  pounds  black  wax. 

5  pounds  apron  leather. 
9, 016}  feet  leather  belting. 

294    pounds  buff  leather. 
72, 725^  square  feet  collar  leather. 
1, 076    sides  collar  leather. 

106}  pounds  bellows  leather. 
2,  575    sides  bridle  leather. 
32, 346}  pounds  harness  leather. 
3, 210^  square  feet  bellows  leather. 
17    sides  lace  leather. 
274|  pounds  lace  leather. 
356|  pounds  sole  leather. 
69    pounds  walrus  leather. 
55    feet  rubber  belting. 
8    sheep-skins. 

6  sides  horse- hide. 

LUMBER. 

880  feet  battens. 

852, 404  feet  boards. 

96  feet  joists. 

148, 400  laths. 

320,034  feet  plank. 

208  feet  posts  and  rails. 

350  posts  and  rails. 

123,  726  feet  scantling. 

150, 000  shingles. 

79,993  feet  timber. 

BUILDING  MATERIAL 

30    iK)unds  asbestus. 
65}  square  teet  asbestus. 
160    loads  blocks  (stone). 
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99    yards  bordering  paper. 
44    brackets. 
695, 100    bricks. 
1, 464    barrels  cement. 
88    feet  cement  pipe. 
48^  barrels  clay. 
4, 605^  bushels  clay. 
49    doors,  wtod. 
180    drain  pipes. 
4, 423    feet  drain  pipe.      \ 
3, 118}  square  feet  flagging  stone. 
2j  106    feet  window  glass. 
4, 003    lights  window  glass. 
64    lorids  gravel. 
75    bnshels  plastering  hair. 
2    flights  iron  stairs. 
1, 953}  barrels  lime. 
1,538^  bushels  lime. 
214    loads  loam. 
8    mantels. 
2, 049    feet  molding. 

33^  pounds  plaster  of  Paris. 
10    barrels  plaster  of  Paris. 
540^  cubic  yards  sand. 
2, 734    bushels  sand. 


7,T82 

square  feet  slate. 

576 

slate. 

12,186 

cubic  yards  stone. 

],000 

feet  tarred  paper. 

728 

pounds  tarrod  paper. 

1,524 

feet  terra- CO tta  pipe. 

44 

terra-eotta  traps,  &c. 

1,409J 

feet  tiles. 

55 

rolls  wall-paper. 

89 

feet  water  spouts. 

368 

jmrds  weather  ntrips. 

50 

pairs  window  blinds. 

103 

pairs  window  sash. 

42 

window  sash. 

53 

feet  brown  stone. 

36 

barrels  stucco. 

HEATING,  lilGHTI 

30 

bath  bricks. 

208 

quarts  blacking  for  leather. 

1, 212 

brooms. 

20t 

brushes,  dusting,  &c. 

55 

pounds  candles. 

127 

pounds  card- clothing. 

277i 

square  feet  card-clothing. 

24,985 

bushels  charcoal. 

39 

barrels  charcoal. 

11 

chandeliers. 

514 

chamois  skins. 

2,886 

tons  anthracite  coal. 

4625 

ORD 2 
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2, 654    tons  bituminous  coal. 
124, 900    pounds  coke. 
498    bushels  coke. 
Sf  126    pouuds  corundum. 

442    corundum  and  emery  wheels. 
52    reams  crocus  and  emery  cloth. 
920^'  pounds  emery. 

4^^  reams  emery  x)aper.  * 

26  sets  fire-brick. 
12, 000    fire-bricks. 

316J  cords  fire-wood. 

30  grates. 

11, 775    pounds  kaolin. 

27  lanterns. 
2    lamps. 

307    lamp-fixtures. 
96    lamp-wicks. 

15  pounds  lampwick. 
33J  gross  matches. 

4, 003  pounds  mineral  wool. 

16  mops  and  handles. 
44  pounds  paraffine. 
16  pitchers,  jugs,  &c. 

113^  pounds  pumice  stone. 

7    registers. 
476^  pounds  rosin. 
688^  pounds  rotten-stone. 
9|  pounds  rubber  cement. 
83^  reams  sand-paper. 
51    cakes  sapolio. 
6, 037    pounds  sea  coal  facings. 
2,138^  pounds  soap. 
636    gallons  soft-soap. 
179^  pounds  sponge. 
16    stoves. 
216    parts  of  stoves. 
42    stove  fixtures. 
23    papers  stove  polish. 
357i  feet  stove  pipe. 
69    pounds  stove  pipe. 

31  stove-pipe  elbows. 

1, 198    feet  steam -pipe  covering. 
623    papers  tripoli. 
4    wash  stands  and  fixtures. 

MATERIALS  FOB  OFFIOE  USB. 

14  baskets. 

338  sheets  blotters. 

2  blotter  baths. 

100  sheets  oil-boards. 

105  books  of  reference. 

2  book-cases. 

4, 875  cards,  assorted. 

200  sheets  card  boards. 

2  caligraphs. 
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37 

chairs,  stools,  &c. 

2 

clocks. 

7 

composition  rollers. 

1 

desk. 

2,000 

dials  for  watch-clock. 

93 

drawing  instruments. 

14 

pans  drawing  paint. 

4 

bottles  drawing  paint. 

20 

electrotypes. 

77,600 

envelopes. 

24 

erasers. 

1 

hektograph. 

30 

pounds  hektograph  composition. 

270 

bottles  ink. 

907 

pounds  printer's  ink. 

6 

pieces  India  ink. 

6 

bottles  India  ink. 

23 

inkstands. 

68 

pieces  India  rubber. 

1 

pound  India  rubber. 

37,500 

labels. 

3 

letter-presses. 

86 

memorandum  blocks. 

30 

bottles  mucilage. 

8 

mucilage  brushes. 

8 

mucilage  stands. 

500 

order  slips. 

28(>A  reamR  letter  paper. 

23,024 

sheets  paper,  assorted. 

17 

paper  fasteners. 

9 

paper  folders. 

94 

gross  pens. 

3,367 

pencils. 

240 

pencil  and  pen  holders. 

36 

pencil-point  protectors. 

9 

boxes  pins. 

5 

bottles  pounce. 

8 

pounce  boxes. 

7 

spools  ribbon. 

247 

gross  rubber  bands. 

83 

rubber  stamps. 

2 

rulers. 

124 

pounds  roller  composition. 

96,500 

seals. 

181 

pounds  sealing  wax. 

16 

sponge  cups. 

7,750 

tags 

66 

yards  tape. 

4 

spools  tape. 

if 

gross  thumb-tacfts. 

622t 

yards  tracing  cloth. 

1 

font  type. 

1 

water- cooler. 

156 

quill-pens. 

30 

stencil  boards. 
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LABOBATOBT  STORES. 


574 

bottles  and  vials. 

19 

barometers  and  thermometers. 

3 

carboys. 

8,710 

corks. 

165 

crucibles. 

19 

gauge  glasses. 

27 

glass  breakers. 

21 

glass  tubes. 

1 

hydrometer. 

21 

jars. 

64 

level  glasses. 

120 

materials  for  electric  batteries. 

1 

mortar  and  pestle. 

2 

pyrometers. 

3 

retorts. 

32, 114|  pounds  acid. 

8|  gallons  acid. 

956|  gallons  alcohol. 

94 

pounds  alum. 

50 

pounds  ammoniated  copper. 

72^  pounds  antimony. 

167 

pounds  aqua  ammonia. 

202 

pounds  beeswax. 

72 

sticks  black  cement. 

162, 128 

l)ounds  bone. 

85 

pounds  borax. 

42 

pounds  camphor. 

43^  pounds  ch£(lk. 

50 

pounds  powdered  charcoal. 

500 

pounds  chloride  of  lime. 

10 

pounds  concentrated  lye. 

98 

boxes  concentrated  lye. 

755 

pounds  copper  and  its  preparations. 

232 

pounds  electropion  fluid. 

3, 100^  pounds  glue. 

12 

gallons  glue. 

228J  pounds  glycerine. 

30 

grains  gold  chloride. 

2 

packs  gold-leaf. 

110 

pounds  ground  glass. 

25 

pounds  ground  pepper. 

27 

pounds  gum  arabic. 

20 

pounds  gum  tragacanth. 

72 

hand  grenades. 

67 

pounds  horse  medicine. 

24 

papers  horse  powders. 

2 

ounces  iodine. 

266 

pounds  iron  and  its  preparatitas* 

218 

gallons  isinglass. 

8 

ounces  laudanum. 

2 

bottles  linament. 

50 

pounds  manganese  and  its  salts* 

400J  pounds  mercury  and  its  salts. 

167 

gallons  molasses. 

REPORT  OF  THE  CHIEF  OF  ORDNANCE.  21 

20    pounds  nickle-salts.** 
213^  reams  paper. 
32^  295^  IK>aDds  paper. 
46    roIlH  paper. 
lOOJ  yards  paper. 
7    barrels  pitch. 
69  086j  pounds  potash,  various. 

55^  pounds  sal-ammoniac. 
13, 650    pounds  sal- soda. 

3    gallons  silver  solution. 
4y  327    pounds  sUicate  of  soda. 
94^  pounds  spirits  of  niter. 
653|  pounds  sulphur. 
50    pounds  sugar  of  lead. 
112    pounds  strontia-nitrate. 
7y  145    pounds  straw-boards. 

41    quarts  tar. 
4, 009    pounds  tallow. 
20    pounds  tobacco. 
100    pounds  vassaline  (anti-corrosive). 
20    pounds  vermin  powder. 
25^  gallons  whiting. 

PAINTSy  OILS,  ScO. 

9    barrels  asphaltum. 

50  pounds  asphaltum. 
11 7^  gallons  benzine. 

4, 380|  gallons  coal-tar. 
145|  gallons  drier. 
5    pounds  drier. 
14, 321^  gallons  gasoline. 

380    pounds  gilder's  whiting. 
31^  pounds  hardwood  filler. 
696    pounds  kalsomine. 

51  gallons  lacker. 
312    pounds  lampblack. 

20    pounds  black  lead. 
507    pounds  red  lead. 
24, 172}  pounds  white  lead. 
385    iM>unds  litharge. 
88    poun<ts  extract  of  logwood. 
463}  gallons  naphtha. 
22    pounds  nut-galls. 
5i  gallons  castor-oil. 
65    gallons  cod-liver  oil. 
697}  gallons  dressing  oil. 
5, 24l|  gallons  illuminating  oil. 
4, 359    gallons  lubricating  oil. 
3,493|  gallons  oil,  mixing  paints. 
6, 822    pounds  paint,  dry. 
10, 775}  pounds  paint,  in  oil. 
110}  gallons  paint,  in  oil. 
1, 792    gallons  petroleum  and  its  products. 
28    pounds  petroleum  and  its  products. 
769}  pounds  putty. 
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8    gallons  shellac. 
612    pounds  shellac. 
1,354^  gallons  spirits  of  tarpeutine. 
21    pounds  turpentine. 
137    pounds  burnt  umber. 
31    pounds  raw  umber. 
350^  gallons  varnish. 
3y  69:i|  pounds  whiting. 
512    pounds  zinc. 

BHSOELLANEOTTS. 

97  bags. 

34  barrels. 

8  baskets. 

7, 209  pasteboard  boxes. 

899  packing-boxes. 

2y  102  tin  boxes. 

18  gallons  browning  mixture. 

486  tin  cans. 

1  camera  stand. 

165  j)Ounds  axle  grease. 

65  boxes  axle  grease. 

3  sets  post  harness. 
200  parts  of  harness. 

4  horses. 

4, 864  feet  hose. 

3  hose  reels. 

5, 247  pounds  Japan  wax. 

102  kegs. 

5  mirrors. 

833|  pounds  packing,  various. 

1  paint  burner. 

450  powder  canist^ers,  2  pounds. 

450  powder  canisters,  5  pounds. 

2  rubber  aprons. 

3  rubber^  caps. 

6  rubber'coats. 

11    pairs  rubber  boots. 
115    rubber  rings. 

11 J  pounds  rubber  rings,  &c. 

97^  pounds  sheet  rubber. 
163^  feet  rubber  tubing. 

29    pairs  magazine  slippers. 

14    barrels  saw-dust. 
718    tickets,  railroad  and  street  cars. 
374    trees,  &c. 

2    wagons. 
470    parts  of  wagons. 

7  whips. 

2    gallons  wood  preservative. 
3, 000    pounds  fertilizers. 

MAOHINES. 

2    band-saws  with  tables,  complete. 
1    board-cutting  shears. 
1    boring  machine. 
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catting  machine. 

caltivator. 

elevator. 

emery  grinder,  with  table,  complete. 

fleldroller. 

force-pumps. 

gas-retort. 

grinding  machine. 

lathe^. 

lawn-mowers. 

milling  machines. 

morticing  machine.  v 

molding  machine. 

newel  planer  vise. 

planing  machines. 

paper  box  machines. 

paper  catting  machine. 

paper  catting  shears. 

printing  press. 

power  hammer. 

parts  of  mowing  machine. 

parts  of  machines,  varions. 

steam  boiler. 

steam-engine. 

sharper  head. 

rheostat. 

saw  bench  and  coanter  shaft. 

steam  heating  apparatas. 

INSPECTING  INSTBUMENTS. 


1 

set  gaages. 

2 

micrometer  caliper. 

2 

plane  tables  and  tripods. 

6 

prismatic  gaages. 

TOOLS. 

70 

a^ls. 

2 

axes. 

68 

bits. 

5 

braces. 

1,411 

brashes  and  sash  tools. 

145 

backets. 

195 

carpenters'  tools,  varioas. 

21 

chalk-lines. 

27 

chisels. 

8 

chocks. 

12 

coal-hods. 

2 

crow-bars. 

4 

sets  dies. 

3 

dies  and  stocks. 

510 

drifts. 

267 

drills. 

4 

sets  drills. 

3,239 

flies. 

37 

forks  (hay  and  mannre.) 

12 

gaoges. 

75,746 

poabds  grindstones. 

24 
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1,816 

lianded. 

6 

harrows. 

93 

hatchetB  and  hamnmrB. 

24 

hoes. 

2 

ketUea. 

74 

knives. 

100 

ladles,  7  inch. 

100 

ladles,  2i  inch. 

3 

ladders. 

11 

steel  letters  and  figures. 

10 

sets  letters  and  figares. 

32 

machinists'  tools,  varioos. 

306 

mallets. 

60 

papers  needles. 

18 

pairs  nippers. 

522 

oil  caps  and  oilers. 

98 

oil  stones. 

5 

oil  tanks. 

30 

pans. 

8 

picks. 

1 

pipe-cntter. 

6 

planes. 

26 

plane-irons. 

3 

plows. 

47 

punches,  assorted. 

63 

rakes. 

163 

rasps. 

113 

rales. 

54 

saddlers'  tools,  various. 

143 

saws. 

75 

saw  blades. 

1 

platform  scale  (2,500  lbs).  . 

2 

counter  scales. 

10 

screw  drivers. 

45 

scythes. 

84 

scythe  stones. 

13 

scjthe-snaths. 

8 

sieves  and  siiters. 

38 

pairs  shears. 

138 

shovels. 

18 

smiths'  tools,  various. 

19 

spades. 

6 

steel  stamps. 

19 

sand-stones. 

4 

sets  stencil-plates. 

2 

sets  stencil  dies,  letters  and  figares. 

7 

tape  lines. 

11 

taps  and  reamers. 

5 

sets  taps  and  reamers. 

5 

tinners'  tools,  various. 

5 

trowels. 

1 

truck. 

157 

utensils,  various. 

43 

wheelbarrows. 

65 

wrenches. 

12 

vises. 

Appendix  3. 


Stnteinent  of  ordnancCy  ordnance  stores,  (£o.,  issuf^d  to  the  military  estab- 
lishment^  including  the  national  homes  for  soldiers  of  the  volunteer  and 
regular  Army,  and  exclusive  of  the  militia,  during  the  fiscal  year  ended 
June  aO,  1885. 

Glass  I. 

4  Oatliuf;:  Rhds,  10-long  barrels,  caliber  .45. 

7  3-iiich  rifled  gnns. 

1     ]0*}K)uuder  Parrott  guD. 

5  light  12-ponnder  bronze  guns. 
1    4.5-iuch  siege  gnn. 

Glass  II. 

1    Oatliug  gun  carriage,  caliber  .45,  short. 

3  Gatling  gun  carriages  and  limbers. 

1  6-pounder  gnn  carriage  without  limber. 

2  Gpouuder  gun  carriages  aud  limbers. 
1    3-inch  gun  carriage  without  limber. 

12  3-inch  gun  carriages  and  limbers. 

13  12  pounder  gun  carriages  and  limbers. 

5  30  )>onnder  gun  carriages  and  limbers. 

4  4.5inch  siege  gun  carriages  and  li<iibers. 

6  8-iuch  rifled  gun  carriages  and  chassis. 

1  11  inch  rifled  gun  carriage  aud  chassis. 
9  15  inch  gun  carriages  and  chassis. 

2  3-inch  gun  caissons  and  limbers. 
1  3.2-inch  gnn  caisson  and  limber. 

3  3.2-1  nch  gun  carriage  limbers,  metallic. 

1  ammunition  cart. 

2  Laid  ley  cavalry  forges. 

4  Laidley  cavalry  forge  carts. 

Glass  III. 

74    harness  bags. 

8  elevating  bars.  « 
20    man(Buvrii<g  bars. 

2  manoeuvring  wrench  bars. 

8  pinch  bars. 

12  baskets  for  mortar  implements. 

13  iron  s|>onge  buckets. 

22    wooden  siionge  buckets.  * 

5  iron  tar  buckets. 

134    gutta  percha  water  buckets. 

25 
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2  leather  water  buckets 

2  papier-mach^  water  backets. 

2  budge  barrels. 

1  fuse  auger. 

6  fuse  blocks. 
16  fuse  cutters. 

I  fuse  gimlet. 

13  fuse  mallets. 

5  fuse  plug  reamers. 

4  fuse  plug  wrenches. 
1  fuse  saw. 

12  fuse  wrenches. 
1  gun  cover. 

53  gunners'  gimlets. 

42  gunners'  haversacks. 

9  gunners'  pincers. 

20  gunners'  pouches. 

1  gunners'  quadrant. 

10  pairs  gunners'  sleeves. 

8  handspikes  for  8  inch  rifle. 

16  handspikes,  manoeuvring. 

30  handspikes,  trail. 

1  set  harness,  2horses,  ammunition  cart. 

5  sets  harness,  Laidley  cavalry  forge. 

13  sets  harness,  2-lead  horses. 
13  sets  harness,  2- wheel  horses. 

7  common  lanterns. 
16  globe  lanterns. 
42  lanyards. 

2  paulins,  6  by  10  feet. 

6  paulins,  8  by  10  feet. 
2  paulins,  12  by  12  feet. 

44  paulins,  12  by  15  feet. 

10  pendulum  hausses,  3-inch  gun. 

2  pendulum  hausses,  12  pounder  gun. 

4  pendulum  hausse  pouches. 

2  pendulum  hausse  seats  and  covers. 

3  plummets. 

1  pointing  cord. 

2  pairs  ammunition  pouches. 

4  powder-measures. 

37  priming-wires,  field  gun. 

20  prolonges. 

6  rammers  and  staves. 

10  gun  scrapers. 

4  breech  sights,  Hotchkiss  cannon. 
10  breech  sights,  3  2-inch  gun. 

1  breech  sight,  4.5inch  gun. 

1  breech  sight,  8-inch  gun. 

5  breech  sights,  100-pounder  gnn. 

5  breech  sights,  200-poander  gun. 

6  breech  sights,  300  pounder  gun. 

2  breech  sights,  mountain  howitzer. 
2  muEzle  sights,  mountain  howitzer. 

5  muzzle  sights,  3inch  gun. 

6  muzzle  sights,  3.2-inch  gun. 


REPpRT   OF   THE   CHIEF   OF   ORDNANCE.  27 

13  muzzle  sights,  S-inch  gnu. 

1  muzzle  sight  seat. 
100  securing  stakes. 

2  shot  carriers. 

2  sponge  covers,  Hotchkiss  mountain  gun. 

37  sponge  covers,  3  inch  gun. 

4  sponge  covers,  4.5-inch  gun. 

9  sponge  covers,  12-poun(ler  gun. 

4  sponge  covers,  mountain  howitzer. 

6  sponges  and  rammers,  6-pounder  gun. 

39  sponges  and  rammers,  3-inch  gun. 

11  sponges  and  rammers,  12-pounder  gun. 

1  sponge  and  staff,  Hotchkiss  mountain  gun. 
6  sponges  and  staves,  4.5-inch  gun. 

3  sponges  and  staves, 8iuch  gun. 

5  B|>onge8  and  staves,  15inch  gun. 

38  thumbstalls. 

15  tompions,  3  inch  gun. 

6  tompions,  12-pouuder  gun. 

2  tompions,  4.5-inch  gun. 

4  tompions,  8inch  gun. 
15  tompions,  10  inch  gun. 

3  tompions,  15-incb  gun. 
9  tow-books. 

15  tube  pouches. 

97  vent  covers,  field  gun. 

5  vent  covers,  siege  gun. 
29  vent  pieces. 

12  vent  punches. 

2  water  tubs. 

32  wipers  for  mortars. 

12  worms  and  staves. 

IMPLEMEWTS  FOR  GATLINO  GUN. 

4  covers  for  gun,  caliber  .50. 
4  covers  for  gun,  caliber  .45. 

3  cam  extractors. 

1  clamp  for  worm  gear. 

4  drifts. 

20  feed  cases. 

12  feed  magazines. 

2  handspikes. 

2  headless  shell  extractors. 

4  lock  screwdrivers. 

4  small  screw-drivers. 

4  T  screw-drivers. 

1  shell  driver. 
4  wiping  rods. 

2  adjusting  screw  wrenches. 
4  pin  wrenches. 

1  rear  guide  nut  wrench. 

Classes  IV  and  V. 

222  3-inch  shot. 

20  12-pounder  shot. 

760  4.2-inch  shot. 
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550  4.6-incb  shot. 

230  8-iDch  shot. 

100  15-inch  shot. 

500  1.5-iDch  shell  and  cartridge  case. 

50  2.9-inch  shell. 

422  3inch  shell. 

995  3.2-inch  shell. 

100  4.2-inch  shell. 

375  4.5  inch  shell. 

124  12-poander  shell. 

300  8-inch  shell. 

416  lOinchsheU. 

50  13inch  shell. 

300  3  inch  case  shot. 

182  3.2  inch  case  shot. 

124  12- pounder  case  shot. 

500  3  inch  canister. 

124  12pounder  canister. 

Class  VI. 

2,822  Springfield  carbines,  caliber  .45. 

592  Colt's  revolvers,  caliber  .45. 

713  Chafifee-Eeece  magazine  rifles,  caliber  .45. 

713  Hotchkiss'  magazine  rifles,  caliber  .45. 

713  Lee  magazine  rifles,  caliber  .45. 

100  Springfield  cadet  rifles,  caliber  .45. 

2,7Q4  Springfield  rifles,  caliber  .45. 

1  Springfield  rifle,  model  1860,  caliber  .50. 

40  Springfield  shotgnns,  29 o.  20. 

1  artillery  saber. 

357  cavalry  sabers. 

96  musicians'  swords. 

89  non-commissioned  officers'  swords. 

207  trowel  bayonets. 

247  hunting  knives. 

Class  VII. 

ABTILLEBY   AGOOUTEBMENTS. 

11  knapsacks  for  light  battery. 

OAVALBY  AGOOUTEBMENTS. 

779  canteens  and  straps. 

1  canteen  strap. 

40  carbine  cartridge  pouches. 

1,359  carbine  slings. 

1,033  carbine  sling  swivels. 

159  pistol  cartridge  pouches. 

597  pistol  holsters. 

200  saber  attachments. 

2,045  saber  belts. 

1,947  saber  belt  plates. 

674  saber  knots. 
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INFANTRY  AOOOUTERMBNTS . 

2j  925  bayonet  scabbards. 

1 J  498  blanket  bags. 

1,994  blanket  bag  shoalder  straps. 

6, 058  canteens. 

3. 071  canteen  covers. 
5, 7W  canteen  straps. 

9  cap  pouches. 

4, 327  cartridge  belts. 

1 ,  915  cartridge  belt  plates. 

5, 789  cartridge  boxes. 

3, 727  clothing  bags  for  recruits. 

3, 639  clothing  bag  straps  for  recruits. 

3, 014  coat  straps. 

5, 020  forks. 

5, 189  knives. 

5, 018  spoons. 

69  sliding  frogs. 

5y  088  gun  slings. 

5, 518  haversacks. 

6, 145  haversack  straps. 

246  hunting  knife  scabbards. 

1  intrenching  tool  scabbard. 

710  magazine  belts  for  Lee  rifle. 

4, 608  meat  cans. 

5  revolver  belts. 

10  sword  belts  and  plates,  non-commissioned  officers'. 

5, 302  tin  cups. 

206  trowel  bayonet  scabbards. 

51  waist  belts  and  plates,  musicians'  and  non-commissioned 
officers'. 

4. 072  waist  belts,  privates'. 

3, 753  waist  belt  plates,  privates'. 

APPENDAGES. 

45  brushes  and  thongs. 

25  bullet  molds. 

22  field  cases  for  shot  gun  supplies. 

1  powder  charger. 

13,079  headless  shell  extractors. 

1, 610  jointed  ramrods. 

21  shot  gun  outfits. 

352  screw-drivers. 

5,4tS8  screw-drivers,  combination,  model  1879. 

373  screw-drivers,  revolver. 

493  screw-drivers,  Lee  rifle. 

180  spcing  vises. 

670  tumbler  punches. 

713  wiping  brushes,  Lee  rifle, 

38  wiping  rods,  shot  gun. 

9, 969  wiping  rods,  wood,  carbine  and  rifle. 

HORSE  EQUIPMENTS. 

3,861  curb  bridles. 

673  watering  bridles. 


30  REPORT    OF   THE    CHIEF    OF    ORDNANCE. 

290  carbine  sockets  and  straps. 

287  cinchas  or  hair  girths. 

2,070  currj'-combs. 

99  cruppers. 

180  forage  sacks. 

8  girths. 

1,435  halters  and  straps. 

4,218  horse  brushes. 

249  horse  covers  with  surcingles  attached. 

1,138  lariats. 

483  links. 

3,118  nosebags. 

1,152  picket  pins. 

549  saddles,  cavalry. 

78  saddle  bags,  canvas. 

296  saddle  bags,  leather.  - 

2,833  saddle  blankets,  gray. 

129  saddle  bh\nkets,  red. 

10  saddle  cloths,  felt. 

55  saddle  cloths,  hair. 

467  side  lines. 

46  spurs  and  straps,  Mill's  pattern. 

1,298  spurs. 

2,075  spur  straps. 

341  stirrups. 

3  stirrups  with  guidon  sockets. 

627  stirrup  straps. 

1,257  surcingles. 

2  sweat  leathers. 

Class  VIII. 

SMALL-ARM  AMMUNITION. 

1,229,295  carbine  ball  cartridges,  caliber  .45. 

527,010  revolver  ball  cartridges,  caliber  .45. 

125,000  revolver  blank  cartridges,  caliber  .45. 

4,016  140  rifle  ball  cartridges,  caliber  .45. 

60  rifle  ball  cartridges,  caliber  .50. 

523,000  rifle  blank  cartridges,  caliber  .45. 

1,000  Gatling  ball  cartridges,  caliber  1-inch. 

600  Gatling  canister  cartridges,  caliber  1-incb. 

2,160,670  round  balls,  caliber  .45. 

883,000  carbine  bullets,  caliber  .45. 

259,000  revolver  bullets,  caliber  .45. 

5,735,000  rifle  bullets,  caliber  .45. 

11,551,500  cartridge  primers. 

1,000  cartridge  shells. 

9,175  shot- gun  cartridge  shells. 

10,175  pounds  shot. 

2,007,500  carbine  cartridge  wads. 

409.000  shotgun  cartridge  wads. 

AMMUNITION  FOR   CANNON. 

6, 760  blank  cartridges,  ^-pound  charge. 

1, 230  blank  cartridges,  l-pound  charge. 

1, 000  blank  cartridges,  2- pounds  charge. 
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• 

5, 663  blank  cartridges,  6-pounder  gun. 

29,574  blank  cartridges,  3  inch  gun. 

560  blank  cartridges,  3.2incb  gun. 

24, 020  blank  cartridges,  light  12*pouuder  gun. 

300  blank  cartridges,  heavy  12-pounder  gun, 

5, 500  blank  cartridges,  mountain  howitzer. 

463  metallic  fuses. 

1, 000  paper  fuses. 

1, 100  wooden  fuses. 

17, 800  pounds  cannon  powder. 

16,2.'i0  i)ounds  hexagonal  powder. 

500  pounds  mealed  powder. 

31,800  pounds  mortar  powder. 

108, 616J  pounds  rifle  powder. 

4, 020  electric  primers. 

143, 831  frictioQ  primers.  ^ 


Class  IX. 

264 

portable  arm  racks. 

373 

assorted  blocks. 

22,451 

marksman's  buttons. 

2 

capstans. 

8 

capstan  bars. 

1 

hand  cart. 

1 

implement  and  tool  cart. 

1 

sling  cart. 

8 

sling  chains. 

1 

chronograph. 

76 

assorted  chocks. 

2 

gun  collars. 

1 

cradle. 

10 

cranes. 

3,735 

sharpshooters'  crosses. 

39 

disks. 

1 

fall,  watch  tackle. 

440 

signal  flags. 

2 

casemate  gins. 

1 

field  and  siege  gin. 

2 

garrison  gins.      # 

6 

giufalls. 

14 

gin-handspikes. 

3 

gin-slings. 

2 

gunlifts. 

11 

hydraulic  jacks. 

61 

intrenching  tools. 

60 

intreuchingtool  carriers. 

10 

iron  pegs,  4  feet  long. 

9,409 

marksmen's  pins. 

1 

plane  table. 

2 

plane  tables  cind  tripods  with  aledades  and  compasses 

9 

gun  platforms. 

2 

mortAT  platforms. 

2 

pry-planks. 

12 

assorted  rollers. 

48 

shifting-planks. 
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162  .  shot-marks. 

1  sigbtingtripod. 

38  skids. 

90  skidding  pieces. 

4  cannou  slings. 

1  stadiam. 

1  stadia-bag. 
336  streamers. 

2  Brinton's  targets. 
12  Gushing's  targets. 

4  Cushing's  target  axles. 
8  Casbiug's  target  caps. 

30  Cusbing's  target  truck  frames. 

8  Gusbing's  target  truck  wheels. 

230  Laidley's  targets. 

32  Laidley's  target  axles. 

3  Laidley's  target  axles  with  pins  and  wedges. 
8  Laidle.v's  target  axle  boxes  and  pins. 

8  Laid  ley's  target  center  blocks  and  pins. 
33, 750  Laidley's  target  centers. 

24  Laidley's  target  clamps. 

334  Laidley's  target  cross  pieces. 

1, 669  Laidley's  target  frames. 

28  Laidley's  target  journal-boxes. 

76  Laidley's  target  nave-boxes. 

40  target  levers. 

20  target  lever-boxes. 

14, 536, 500  target  pasters. 

139  target  plates. 

67  target  rails. 

334  target  uprights. 

2  Lancaster  targets. 

73, 137  paper  targets. 

12  rolling  targets. 

1  sliding  target. 
6  trace  I  opes. 

2  casemate  trucks. 
2  trunnion  loops. 

2  trunnion  rings. 

89  pairs  eccentric  trunnion  ringj. 

12  hydraulic  jack  valves. 

1  wagon-sling. 

BELOADING  TOOLS,  &0. 

1  set  bench  reloading  tools. 
74  sets  hand  reloading  tools. 

150  combination  anvils. 

5  ball-molds  (4-balls). 
96  brush  wipers. 

9  brush  wipers  for  shotgun  cartridges. 
17  adjustable  powder  chargers. 

33  adjustable  powder  and  shot  chargers. 
46  bench  chargers  for  hand  reloading  tools. 

2  crimping  dies. 

8  crimping  die  caps. 
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22  crimping  and  reloading  dies  for  revoh  er  cartridges. 
110  crimping  and  reloading  dies  for  rifle  cartridges. 

5  reloading  dies. 

24  resizing  dies  for  revolver  cartridge  shells. 

192  resizing  dies  for  rifle  cartridge  shells. 

81  drifts*. 

9  drifts  for  shotgun  cartridge  ^ells. 

6  primer  extractors. 
213  extractor  pins. 

70  funnels. 

7  funnels  for  shotgun  cartridges. 
50  ladles. 

103  mallets. 

7  powder  measures. 

6  oil  cans. 

37  oil  cups. 

115  priming  tools  for  shotgun  cartridges. 

K  priming  tools  for  rifle  cartridges. 

312  priming-tool  pins.  ' 

2  priming-tool  spindle  screws. 
1  primer  punch. 

26  reloading  punches  for  revolver  cartridges. 

136  reloading  jiunches  for  rifle  cartridges. 

173  resizing  punches. 

6  safety  sockets. 

67  shell  scrapers. 

1  strainer. 

3  washers. 

23  wiping-rods. 

Glass  X. 

PARTS  OF  CLASS   IL 


3 

cap  square  chains. 

1 

cap  square  key. 

3 

cht*ek  bolt**. 

3 

cylinder  straps  for  carriage. 

1 

elevating  fulcrum. 

9 

elevating  screws. 

2 

foot  boards,  caisson. 

6 

foot  boanls,  limber. 

10 

forks  for  field  limber. 

8 

hountls. 

1 

nave  for  cavalry  forge. 

16 

poles  for  field  gun. 

1 

pole  for  mortar  wagon. 

8 

pole  lifts. 

3 

pole  yokes. 

4 

rails. 

1 

shaft  for  cavalry  forge. 

8 

shoes  for  artillery  wheels. 

8 

splinter  bars. 

2 

stocks  for  caisson. 

32 

washers. 

19 

wheels  for  field  carriages. 

4625 

ORD 3 
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PARTS  OF  CLASS  III. 

8  artillery  curb  bits. 

6  breast  straps. 

1  breecliings. 

4  artillery  bridles. 

455  brass  plated  buckles. 

646  iron  roller  buckles. 

87  collars. 

20  collar  pads. 

120  artillery  baiters. 

32  artillery  halter  chains. 

440  artillery  halter  straps. 

1^  pairs  hames. 

12  Lame  clasps  with  chains  and  toggles. 
4  leg  guards. 

6  brass  loops. 
27  pole  pads. 
86  pole  straps. 

4  rammer  heads. 

148  rosettes  for  artillery  bridles. 

1  driver's  saddle. 

1  valise  saddle. 
303  woolen  sponges. 

20  sponge  heads. 

16  staples  for  valise  saddle. 

2  staves. 

13  lead  traces. 

12  patent  splinter  bar  traces. 

7  wheel  traces. 
100  whips. 

PARTS  OF  CLASS  V. 

V 

100  bushings  for  shell. 

900  copper  bauds  for  shell. 

1, 100  brass  fuse  plugs. 

500  tin  straps. 

PARTS  OF  CLASS  VI — PARTS  OF    SPRINGFIBLD   CARBINE. 

61  bands. 

6  butt-plates. 

228  front  Hights. 

4,011  front-sight  covers. 

12  front-sight  cover  springs. 

12  front-sight  cover  spring  screws. 

12  front-sight  cover  friction  springs. 

148  rear  sights. 

51  rear-sight  bases. 

48  rear-sight  base  screws. 

382  rear-sight  leaves. 

779  stocks,  wood  part. 

102  swivels. 

PARTS  OF   SPRINGFIELD   RIFLE. 

16  lower  bands. 

26  upper  bands. 


REPORT  OF  THE  CHIEF  OF  ORDNANCE.  35 

276  baud  spriugs. 

2  barrels. 

11  bayonets. 

98  bayonet  clasps. 

128  bayouet-dasp  screws. 

468  breech  block  caps. 

495  breech-block  cap  screws. 

50  breech  screws. 

1,293  bridles. 

990  bridle  screws. 

106  butt  i)lat^fl. 

212  butt-plate  screws. 

981  canvlatch  springs. 

2j  041  ejector  spriugs. 

1, 747  ejector  spring  spindles. 

408  ejector  studs. 

4,511  extractors. 

5, 912  firing  pins. 

932  firing-pin  screws. 

304  firing  pin  springs. 

248  front  sights. 

8, 861  front-sight  covers. 

116  front-sight  pins. 

218  guard-bow  nuts. 

24  guard-bow  swivels. 

54  guard  bow  swivel  screws. 

120  guard  plates. 
430  guard  screws. 
442  hammers. 

6, 003  hinge  pins. 

10  hinge-pin  studb. 

68  locks. 

121  lock  plates. 

699  maiu  springs. 

400  mainspring  swivels. 

423  mainspring  swivel  rivets. 

3, 794  pistol  grips,  metal. 

14  pistol  grips,  wood. 

269  pistol-grip  screws. 

353  ramrods. 

374  ramrod  stops. 

501  rear  sights. 

53  rear-sight  bases. 

852  rear-sight  base  screws. 

39  rear-sight  base  springs. 

498  rear  sight  leaves. 

1, 149  rear-sight  plates,  buckhorn. 

56  rear-sight  joint  pins. 

120  rear-sight  slides. 

41  rear-sight  slide  blocks. 

700  rear-sight  slide  gibs. 
151  rear-sight  slide  plates. 
201  rear-sight  slide  screws. 

S8  rear-sight  slide  springs. 

1,655  sears. 

962  sear  screws. 
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622 

sear  springs. 

514^8ear-8pring  screws. 

858 

side  screws. 

161 

side-screw  washers. 

1,179 

stocks,  wood  part. 

723 

tang  screws. 

256 

thumb  pieces. 

107 

stock  tips. 

117 

tip  screws. 

9,006 

triggers. 

1,198 

trigger  screws. 

1,917 

tambleiB. 

1,625 

tumblers,  swiveled. 

504 

tumbler  screws. 

PARTS  OF  CHAFPEE-RE] 

1 

bolt. 

1 

cartridge  lifting  spring. 

10 

ejector  springs. 

10 

extractors. 

10 

firing  pins. 

20 

main  springs. 

PARTS  OF  HOTCHKISS  CARBINE  AND  RIFLE. 

2  butt  stocks. 

6  cut  off  springs. 

512  extractorti. 

10  firing  [n'ns. 
512  main  springs. 

20  side  screws. 

20  stocks,  wood  part,  carbine. 

11  tang  screws. 

PARTS  OF  LEE'S  MAGAZINE  RIFLE. 

107  extractors. 

102  extractor  si>riugs. 

107  firing  pins. 

3, 937  magazines. 

502  magazine  springs. 

117  main  springs. 

10  sears. 

107  sear  springs. 

10  side-spring  screws. 

10  tang  screws. 

10  triggers. 

PARTS  OF  BREECH-LOADING  SHOTGUN, 

3  barrels  and  receivers. 
19  extractors. 

10  front  sights. 

1  hammer. 

2  stocks,  wood  part. 
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PARTS  OP  COLT'S  REVOLVER. 

112  back-Strap  screws. 

2  l)oltii. 

42  bolt  screws. 

335  ceuter  pins. 

312  center-pin  bashings. 

365  center-pin  catch  screws. 

39  center-pin  screws. 

131  ejector  heads. 

151  ejector  rods. 

75  ejector  springs. 

3  ejector  tubes. 

42  ejector-tnbe  screws. 

39  firing  pins. 

35  firing-pin  rivets. 

51  gates. 

32  gate  catch  screws. 

33  gate  springs. 

58  gnard  screws,  long. 

50  gaard  screws,  short. 
168  hammers. 

115  hammer  cams. 

4  hammer  rolls. 

4  hammer-roll  rivets. 

54  hammer  screws. 

195  hands. 

65  hand  springs. 

153  main  springs. 

51  main  spring  screws. 

29  sear  springs. 

19  sear-spring  screws. 

17  sear  and  stop-bolt  screws. 

114  sear  and  stop-bolt  springs. 

67  sear  and  stop-bolt  spring  screws. 

175  triggers. 

61  trigger  screws. 

PARTS  OP  SCHOFIELD'S,  SMITH  &  WESSON  REVOLVERS. 

10  escutcheon  nuts. 

10  escutcheon  studs. 

35  hammers. 

10  lifters. 

10  main-spring  swivels. 

60  triggers. 

60  trigger  j)ins. 

10  trigger-spring  pins. 

PARTS  OP  SWORDS. 

7  musicians'  steel  scabbards. 

3  officers'  browned  scabbards. 

PARTS  OP  CLASS  VII. 

30  bridle  headstalls. 
100  bridle  ornaments. 

80  bridle  reins. 


\ 
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ly  207  brass  bar  buckles. 

2,  726  brass  wire  buckles. 

1,  524  iron  bar  buckles. 

756  iron  roller  buckles. 

362  cincha  straps. 

164  coat  straps. 

60  curb  straps. 

41  gross  brass  escutcheon  pins. 
540  baiter  bolts. 

10  halter  chains. 

704  halter  headstalls. 

2, 922  halter  rings. 

62  halt^rring  swivels. 

628  halter  squares. 

2, 161  halter  straps. 

2, 333  halter-hitching  straps. 

70  brass  hooks  with  rivets. 

70  brass  wire  hooks. 

896  double-spring  lariat  hooks. 

.  923  saber-snap  hooks. 

1,880  ovals. 

1, 208  brass  rings. 

174  iron  D  rings. 

1,926  iron  rings. 

100  saber  belt  loops. 

120  saber-belt  slides  with  hooks  and  rings. 

100  saber-belt  studs. 

462  saddle  nails,  Japanned. 

400  saddle-bag  studs. 

1  screw  for  ball  molds. 

300  shields. 

209  side  line  fasteners. 

3, 080  brass  foot  staples. 

2, 624  brass  staples  for  rings. 

80  leather  lacing  thongs. 

672^  yards  webbing,  4  inches  wide. 

24  yards  webbing,  4,5  inches  wide. 

42  yards  webbing,  7.5  inches  wide. 

PARTS  OF  CLASS  VIII. 

1,352  cartridge  bags,  ^-pound  charge. 

liO  cartridge  bags,  1  pound  charge. 

520  cartridge  bags,  2  pounds  charge. 

1, 000  cartridge  bags,  6-pounder  gun. 

6,200  cartridge  bags,  12-pounder  gun. 

2, 600  cartridge  bags,  20-pounder  gun. 

1,650  cartridge  bags,  30  pounder  gun. 

800  cartridge  bags,  100-pounder  gun. 

7, 100  cartridge  bags,  3-inch  rifled  gun. 

300  cartridge  bags,  3.2-inch  breech-loading  gun. 

1, 200  cartridge  bags,  4.5-inch  siege  gun. 

200  cartridge  bags,  8  inch  rifled  gun. 

730  cartridge  bags,  10  inch  gun. 

600  cartridge  bags,  13inch  gun. 

60  cartridge  bags,  15-inch  gun. 
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PARTS  OF    CLASS  IX. 

7    pointing  plummets  for  siege  mortar. 
12    pointing  trestles  for  siege  mortar. 

2  poles  for  sling  cart. 

PART  SECOND  :   CLOTH,  ROPE,  THREAD,  &C. 

102  yards  burlaps. 

50  feet  card  clothing. 
13,99S^  yards  cotton  cloth. 

23|  pounds  lanyard  cord. 

10  pieces  sash  cord. 

259  pounds  sash  cord. 

50  pounds  waste  cotton. 

3  yards  cotton  duck. 

5  pounds  curled  hair. 
202    pounds  marline. 
350    feet  rope. 

5,21 8J  pounds  rope. 
218^  poun  s  linen  thread. 
337    pounds  shoe  thread. 
320    pounds  tow. 
277^  pounds  twine. 
79|  pounds  yarn. 

IRONMONGERY. 

24    bolts  and  nuts. 

4  brass  boxes. 

13|  pounds  sheet  brass. 
10    pa|>ers  iron  brads. 
50    pairs  brass  butts. 
24    pairs  iron  butts. 

6  brass  cocks. 
2    hooks. 

12,056  horseshoes. 

2,687  pounds  horseshoes. 

988  pounds  bar  iron. 

105  pounds  sheet  iron. 

4  iron  ladles. 

20  cold  shut  links. 

820  pounds  horseshoe  nails. 

2,666  pounds  iron  nails. 

592  padlocks. 

4  padlock  keys. 

12  cast-iron  posts. 

137  pounds  brass  rivets  and  burrs. 

794^  pounds  copper  rivets  and  burrs. 

103  pounds  iron  rivets  and  burrs. 
109  gross  screw  pins. 

132{-  gross  brass  screws. 
179    gross  iron  screws. 
24    iron  snaps. 
101    pounds  solder. 
425    pounds  spikes. 
276^  pounds  bar  steel. 
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74:7^  gallons  sperm  oil. 

962  pounds  black  paint. 

10  p4)aHds  ivory  black  paint. 

20  iH)un<ls  Prussian  blae  paint. 

2, 209  pounds  brown  paint. 

35  pounds  green  paint 

490  pounds  lead  color  paint. 

1,  740  pounds  metallic  paint. 

2, 703  pounds  olive  paint. 

35  pounds  Venetiai^red  paint. 

30  pounds  vermilion  paint. 
157  pounds  putty. 

35  pounds  sbeilac. 

754  gallons  turpentine. 

50  pounds  umber. 

2i  gallons  asphalt  varnish. 

3  gallons  coach  varnish. 

31  gallons  copal  varnish. 
'J  gallons  ge»r  varnish. 

27^  gallons  Japan  varnish. 

243  pounds  whiting. 

MISCELLANEOUS. 

468  arm  chests. 

200  cotton  powder  bags. 

26  metallic  powder  barrels. 

2, 169  wooden  powder  barrels. 

4  bottoms  for  reloadingtool  boxes. 
28  reloading  tool  boxes. 

1  cleaning  material  box. 

2, 070  powder  canisters. 

107  tin  cans. 

1  instrument  case. 

1  case  for  sample  equipments. 

20  chamois  skin  saber  cases. 

20  chamois-skin  sword  cases. 

1  demijohn. 

360  pounds  grease  for  gun  bore. 

460  pounds  wheel  grease. 

60  pounds  gutta  percha. 

258  halyards  with  screw-eyes. 

75  feet  rubber  hose. 

76  powder  kegs. 

20  poumls  flax  packing. 

142  feet  rubber  packing. 

1  singletree. 

MACHINES  AND   PARTS  OF  MACHINSS. 

1  diameter  calipers. 

136  crusher  gauge  cylinders. 

1  lathe  cliuck. 

936  pressure  disks. 

4  crusher  gauges. 

1  expansion  caliber  gauge. 

1  fuze-thread  gauge. 
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2 

pressure  gaages. 

6 

riug  gaages. 

4 

riug  gauges  for  star  gauge. 

2 

star  gauges. 

1 

wire  inspecting  instrument. 

1 

foot  lathe. 

8 

measuring  points  for  star  gauge. 

3 

sets  measuring  points  for  star  gauge. 

1 

lathe  rest. 

8 

measuring  rods,  adjustable.  ^ 

1 

pressure  scales. 

TOOLS. 

50 

aprons. 

135 

awl  handles. 

14 

patent  awl  handles. 

261 

saddlers'  awls. 

1 

seat  awl. 

220 

stitching  awls. 

3 

stub  awls. 

34 

ax  handles. 

12 

felling  axes. 

1 

hand  ax. 

15 

armorers'  bits. 

6 

auger  bits. 

32 

bitis  for  brace. 

1 

set  of  bits. 

1 

copper  boiler. 

2 

braces. 

221 

paint  brushes. 

6 

paste  brushes. 

231 

sash  brushes. 

3 

stencil  brushes. 

2 

varnish  brushes. 

10 

iron  buckets. 

22 

wmnlen  buckets. 

2 

calipers. 

20 

chalk-lines. 

^7 

chisels. 

11 

saddlers'  clamps. 

23 

claw-tools. 

2 

clenching  irons. 

38 

compasses. 

2 

iron  creasers. 

31 

wooden  creasers. 

10 

dies. 

2 

die-stocks. 

11 

dust  pans. 

31 

edge  tools. 

119 

file  handles. 

668 

files. 

10 

rocket  formers. 

5 

cop|)er  funnels. 

20 

gouges. 

2 

grindstones,  with  arbors  and  cranks. 

165 

assorted  hammers. 

3 

sledge  hammers. 
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11 

hatchets. 

11 

saddlers'  horses. 

2 

jackscrews. 

322 

assorted  knives. 

10 

gauge  knives). 

9 

splittiug  knives. 

41 

mallets. 

2 

mauls. 

10 

measures. 

2 

nail  extractors. 

26 

nail  punches  and  clinch  knives. 

1,766 

assorted  needles. 

45 

papers  needles. 

82 

nippers. 

3 

oil  cans. 

18 

oil  droppers. 

11 

oilers. 

4 

oil  stones. 

9 

pickax  handles. 

7 

pickaxs,  handled. 

37 

pincers. 

12 

pins  for  surveyors'  chains. 

6 

plane-irons. 

8 

planes. 

11 

pliers. 

6 

pricking  carriages. 

20 

pricking  wheels. 

3 

pritchels. 

84 

assorted  punches. 

31 

spring  punches. 

2 

puncbiug  blocks. 

3 

rakes. 

379 

rasps. 

2 

reamers. 

1 

riveting  iron. 

10 

rivet  sets. 

41 

rules. 

21 

sandstones. 

13 

saws. 

9 

saw  blades. 

1 

scales. 

26 

scissors. 

2 

scrapers. 

2 

scoops. 

27 

screw-drivers. 

2 

screw-taps. 

3 

scythes. 

2 

scythe  snaths. 

8 

scythe  stones. 

30 

shears. 

6 

pairs  rubber  shoes. 

30 

shovels. 

5 

selves. 

4 

slickers. 

27 

pairs  magazine  slippers. 

1 

tinners'  snips. 

\ 
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4 
2 

spades, 
spatulas. 

JO 
2 

squares, 
strainers. 

6 
3 

4 
37 

taps. 

machine  taps. 

tape  lines  or  measures. 

thimbles. 

2 
3 

templets.         « 
ticklers. 

3 

1 
6 

tongs. 

tool- bag  for  saddlers'  and  smiths'  tools. 

tool-handles. 

7 

vises. 

1 
8 

watering  pot. 
wheelbarrows. 

47 

wrenches. 

Appendix  4. 

Apportionment  of  ordnanodf  ordnance  storeny  ^-c,  for  the  fiscal  year  ending  June  30,  1885, 
under  sectionM  1661  and  1667,  Bevised  Statutes  United  States,  and  regulations  estahlishd 
in  co^fonniiy  thereioith. 


8t»tM  and  Torritoriee. 


Alabama 

Arkansas. 

California 

Colorado , 

Connecticut 

Delaware 

Florida 

Georgia 

lUinoia 

Indiana 

Iowa       

Kansas 

Kentucky 

LoaiRiana 

Maine , 

Maryland 

Masaachnsetts 

Michii^an 

Minnesota 

Mis^Mippi 

Miaaoun 

Nebraska 

Nevada 

New  Hampshire 

New  Jersey , 

New  York 

North  Carolina 

Ohio 

Orefji>n 

Pennsylvania 

Rhode*  Island 

South  CaroliDa 

Tennessee 

Texas    

Tenuont  

Tir«iria 

West  Virsrinia 

AVia*H)n*in 

Artf^Mia  Tt'nritorT' 

I>j»kota  TvYt itor\  • 

Idaho  r»'trito''v* 

New  Mf  xi<H>  IVrritcry*. 
Moiit»na  Terrvory* .  .\ . . 
Ft.O.  Tfrr:tc'^\' .'. ..    ... 

W* *•*!• : n  jj: ,»«  Tfrriiory* . 
Wy^Mniu.:  rfrriiorv**. . . 
P;"*t'u  X  of  Columbia* . . . 


To:j»I 


Number  of 

Senators  and 
Represent-  , 

Honey-Talae 

atives. 

10 

$4,640  37 

7 

8.249  21 

8 

3,712  30 

3 

1.392  11 

6 

2,784  22 

3  . 

1,39211 

4 

1,8S6I5 

12 

5,568  4S 

22 

10.208  82 

15 

6,9eo» 

13 

6,032  48 

9 

4,176  34 

13 

6,032  48 

8 

3,712  30 

6 

2,748  22 

8 

3,712  30 

14 

6.496  52 

13 

6,032  46 

7 

3. 248  20 

9 

4.176  34 

16 

7,424  56 

5 

2.320  19 

3 

1,392  11 

4 

1,856  15 

9 

4, 176  34 

36 

16,705  33 

11 

5, 104  41 

23 

10,672  85 

3 

1,392  11 

30 

13, 921  10 

4 

1,856  15 

9 

4, 176  34 

12 

5,568  45 

13 

6,032  48 

4 

1,856  15 

12 

5.568  45 

6 

2,784  22 

11 

5,104  41 

3 

1.392  11 

3 

1,392  11 

3 

1,392  11 

3 

1,392  11 

3 

1,392  11 

3 

1.392  11 

3 

1, 392  11 

3 

l,3f*2  11 

3 

1,392  11 

428 

2OO.U00  CO 

•  Ap-«rtiooment  acoodin^  to  the  first  parj^TTipb  of  the  President's  re^ulatioo  of  April  30,  1855, 
4K 


Appendix  5. 

Statement  of  ordnance^  ordnance  stores^  i&c.^  distributed  to  the  militia  from 
July  1,  1884,  to  June  30,  1885,  under  Heetions  IGOl  a7id  1()G7,  Revised 
Statuie9  United  States. 

Class  I. 

2    3-inch  wrought  iron  rifled  guns. 

9    Gatliug  guns,  10  barrels,  long,  caliber  .45. 

Class  II. 

2  carriages  and  limbers  tor  3-inch  guns. 

6    metallic  carriages  and  limbers  for  Gatlin^-  gun,  caliber 
.45. 

3  carriages  and  limbers  for  Gatling  gun,  caliber  .45. 

Class  III. 

2    fuze  cutters. 

25  fuze  gouges. 

2  fuze-plug  wrenches. 

2  fuze  wrenches. 

2  gun  covers,  Gatling  gun. 

39  gunners'  haversacks. 

31  gunners'  gimlets. 

6  gunners'  pincers. 

26  handspikes,  trail. 
24  harness  sacks. 

107  lanyards. 

2  muzzle  sights  for  light  12-pounder  gun. 

2  muzzle  sights  for  3-inch  ritie. 

106  priming  wires. 

35  prolonges. 

4  poles  for  3inch  carriage. 
70  pole  pads. 

14  i)air  pole  straps. 

29  paulins,  12  by  15  feet. 

8  pendulum  hausses. 

4  pendulnm-bausse  seat^;). 

4  pendulumhausse  pouches. 

13  sets  artillery  harness,  2  horses,  wheel. 

4  sets  artillery  harness,  2  horses,  lead. 

12  sponge  buckets,  iron. 

35  8]K)nges  and  rammers,  I2-pouuder  gun. 

6  sponges  and  rammers,  12-pounder  mountain  howitzer. 

50  sponges  and  rammers,  6-pounder  gun. 

67  sponges  and  rammers,  3-inch  gun. 

29  sDonge  covers,  12-pounder  gun. 

47 
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50  spoDge  covers,  6-pounder  gun. 

33  sponge  covers,  3-iDch  gun. 

4  sponges,  woolen,  12-pounder  gun. 

4  sponges,  woolen,  3-iuch  gun. 

107  thumbstalls. 

4  tar  buckets,  iron. 

18  tube  poucbes. 

6  tow  hooks. 

4  torn  pious. 

45  vent  covers. 

6  vent  punches. 

4  wheels.  No.  1. 

6  watering  buckets. 

5  worms  and  staves. 

Classes  IV  and  V. 

100  lOpounder  solid  shot,  fully  prepared. 

20  3-inch  Hotchkiss  shell,  percassion  fuze. 

250  Sinch  Hotchkiss  shell^  time  fuze. 

10  3- inch  canister. 

24  10  inch  shell,  fully  prepared. 
30  lOinch  mortar  ^hell. 

100  6-pounder  canist43r  shot. 

Class  VI. 

2, 640  Springfield  rifles,  caliber  .45. 

160  Springfield  "  cadet"  rifles,  caliber  .45. 

100  Springfield  "  cadet"  rifled  muskets,  caliber  .58,  0.  &  R. 

80  Springfield  rifled  muskets,  caliber  .58,  C.  &  B. 

436  Springfield  carbines,  caliber  .45. 

83  Colt's  revolvers,  caliber  .45. 

85  officers'  swords. 

133  non-commissioned  officers'  swords. 

120  sabers,  light  cavalry. 

90  sabers,  light  artillery'. 

880  bayonets. 

Class  VII. 

APPENDAGES. 

700  combination  screw  drivers. 

115  headless  shell  extractors. 

nORSE  EQUIPMENTS. 

25  bridles,  curb,  cavalry. 
150  halters. 

25  pairs  spurs  and  straps. 

25  saddles,  cavalry. 

2, 665  saddle  blankets. 

10  saddle  cloths. 

INFANTRY  EQUIPMENTS. 

3, 609  bayonet  scabbards. 

2,  790  blanket  bags. 
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2,790 

pairs  blanket  bag  sboalder  straps. 

2,690 

pairs  coat  straps. 

50 

cap  pouches  and  picks. 

2,051 

canteens  and  straps. 

190 

cartridge  belts  and  plates. 

4,549 

cartridge  boxes. 

50 

cartridge-box  belts  and  plates. 

100 

carbine  cartridge  boxes. 

3,519 

gun  stings. 

151 

haversacks. 

300 

waist  beltB. 

5,479 

waist  belts  and  plates. 

3j0 

waist-belt  plates. 

100 

sets  infantry  equipments,  caliber  .58. 

121 

meat  cans. 

201 

knires. 

201 

forks. 

201 

spoons. 

201 

tin  cups. 

ARTILLERY  EQUIPMENTS. 

12 

leg  guards. 

24 

linch  pins,  No.  1. 

24 

linch  washers,  No.  1. 

10 

sets  stay  pins. 

CAVALRY  EQUIPMENTS. 

200 

carbine  slings. 

475 

carbine  sling  swivels. 

159 

I)istol  holsters. 

4 

revolver  belts. 

2ao 

saber  belts  and  plates. 

1 

saber  knot. 

181 

uon-conimi8si«ned  officers^  sword  belts  and  plates 

» 

Olass  VIII. 

1,200 

blank  cartridges,  12-pounder  mountain  howitzer. 

600 

blank  cartridges,  6  pounder  gun. 

3,100 

blank  cartridges,  3-inch  rifle. 

688,000 

rifle  ball  cartridges,  caliber  .60. 

460,000 

rifle  ball  cartridges,  caliber  .45. 

62,700 

rifle  blank  cartridges,  caliber  .50. 

165,300 

rifle  blank  cartridges,  caliber  .45. 

6,000 

revolver  ball  cartridges,  caliber  .45. 

32,750 

•  friction  i)riniers. 

115,000 

cartridge  primers. 

21,000 

rifle  shells,  primed. 

110,000 

rifle  bullets,  lubricated. 

1,000 

pounds  i>owder. 

I 


MISGELLA19EOUS. 

28    sets  reloading  tools. 
2    sets  dies,  caliber  .45, 500-grain  bullets. 
220    wiping  Tod»j  wooden. 
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4  wipiug  rods,  Gatliug  gun. 

6  jointed  ramrods,  steel. 

150  cartridge  bags,  12- pounder  gun. 

1  lock  screw-driver,  for  Gatling  gun. 

4  small  screw- drivers,  for  Gatling  gun. 

1  pin  wrench,  for  Gatling  gun. 

2  pointing  rings  and  plates,  3-inch  carriage. 
12  linch  pins,  3  inch  carriage. 

320  paper  targets. 

66  boxes  cleaning  materials. 

5  arm  chests. 

PARTS  OF  SPRINGFIELD  RIFLE,  CALIBER  .45. 

21  barrels. 

10  band  swivels. 

12  band  swivel  pins. 

300  bayonet  clasps. 

320  bayonet  clasp  screws. 

5  breech  blocks. 

54  breechblock  caps. 

64  breechblock  cap  screws. 
10  bridles. 

10  bridle  screws. 

17  butt  plates. 

34  butt- plate  screws. 

65  cam  latches. 

280  cam-latch  springs. 

280  ejector  springs. 

230  ejector-spring  spindles. 

12  ejector  studs. 

230  extractors. 

3, 525  firing  pius. 

20  firing-pin  screws. 

300  firing  pin  springs. 

36  guard  bows. 

30  guard  bow  swivels. 

160  guard  bow  swivel  screws. 

12  guard  screws. 

130  hammers. 

25  hinge  pins. 

10  lower  bands. 

5  lock  plates  (assembled). 

85  main  springs. 

20  main-spring  swivels. 

994  rear  sights. 

60  rear-sight  screws. 

1, 200  rear-sight  base  screws. 

127  ramrods. 

29  ramrod  stops. 

210  sears. 

215  sear  springs. 

175  sear-spring  screws. 

50  sear  screws. 

178  side  screws. 

50  side-screw  washers 
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30     spring  vises. 
120    stocks. 
4U2    rn  millers. 

362    tiin»^*^r  screws. 
78    t&'^g  screws. 

20    tli«""^Pi^®** 
6    triggers. 
20    iii>I>^r  bands. 
45    ai>P^r*^*'^^  swivels. 


pj^K.O'S  OK  SPRINGFIELD  RIFLES,  CALIBER  .50. 

200    briAle». 
200    brlctle  screws. 
52    breech  screws. 
200    i>roech-block  cap  screws. 
62    ba^y  OQ^t  clasps. 
62    l>»^yonet^clasp  screws. 
12    o»oi  latches. 
300    estni  latch  springs. 
100    extractors. 
200    ej  eotor  spri  ngs. 
200    ejector-spring  spindles. 
1,450    firing  pins. 
100    firing-pin  screws. 
I  4    ^nanl  bows. 

8    g^aardbow  swivels. 
8    gaard-bow  swivel  screws. 
10    baminers. 
100    hinge  pins. 
50    lower  bands. 
200     lower-band  screws. 
615    reskr  sights. 
16    rear-sight  leaf  slides. 
10    rear-sight  leaf  screws. 
500    rear-sight  base  screws. 
21J0   rear-sight  spiings. 
105   ramrods. 
4  sears. 
4  sear  screws. 
36  stx>eks. 
200  ta>n^  screws. 
2  tliamb  pieces. 
2  til  u  in b-piece  screws. 
108  tTitn biers. 
112  trtmbler  screws. 
1   stock  tip. 
1  tip  8crew. 
100   upper  bands. 

4  upper-band  swivels. 
^    wpper-band  swivel  screws. 


Appendix    6. 


Statement  of  ordnance^  ordnance  stores^  <feo.,  distributed  to  the  TerriUmtM 
and  States  bordering  thereon,  from  July  1,  1884,  to  June  30, 1885,  un- 
der the  joint  resolutions  of  July  3,  1876,  March  3,  1877,  and  June  7, 
1878,  and  the  act  of  May  16,  1878. 

1, 760    Springfield  rifles,  caliber  .50. 
27, 500    rifle-ball  cartTidges,  caliber  .50. 


Appendix  7. 


StatemerU  of  ordnance  and  ordnance  storeSy  &c.y  distributed  to  colleges  from 
July  1, 1884,  to  June  30,  1885,  under  section  1225,  Revised  Statutes 
United  States^  as  amended  by  act  approved  July  5, 1876. 

Class  I. 
10    3-iDch  wroaght-irou  rifled  guns,  model  1861 . 

Glass  II. 

2    carriages  and  limbers  for  light  12-poander  gun. 
10    carriages  and  limbers  for  3-inch  guns. 

Glass  III. 

12  gunners'  haversacks. 

10  handspikes,  trail. 

24  lanyards. 

12  priming  wires. 

8  panlins,  12  by  15  feet. 

5  x>endulnm  hausses. 

5  pendnlum-hansse  seats. 

5  pendnlumhausse  pouches. 

4  sponges  and  rammers  for  12-pounder  gun. 

20  sponges  and  rammers  for  3-inch  rifled  guns. 

4  sponge  covers  for  12-ponnder  gun. 

20  sponge  covers  for  3-inch  nfled  guns. 

12  tompions. 

24  thumbstalls. 

12  tube-pouches. 

12  vent  covers. 

Class  VI. 

80    Springfield  rifles,  caliber  .45. 
990    Springfield  cadet  rifles,  caliber  .45. 
38    non-commissioned  offlcei^s  swords. 

Class  VII. 

920    bayonet  scabbards. 

920    cartridge  boxes. 

920    waist  l^lts  and  plates. 
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16  waist  belts  and  plates,  N.  G.  O. 

16  sliding  frogs,  X.  G.  O.  waist  belts. 

22  shoulder  belts  and  plates,  K.  G.  O. 

Glass  VIII. 

200  blank  cartridges  for  12-poander  gan. 

600  blank  cartridges  for  10-pounder  gun. 

650  blank  cartridges  for  6-poander  gun. 

1, 100  blank  cartridges  for  3-inch.  gan. 

ly  000  rifle  blank  cartridges,  caliber  .50. 

2, 000  carbine  blank  cartridges,  caliber  .50. 

29, 000  carbine  blank  cartridges,  caliber  .45. 

27, 600  carbine  ball  cartridges,  caliber  .45. 

7y  400  friction  primers. 


Appendix  8. 


Report  of  action  taken  under  the  act  of  March  3, 1881,  during  the  fiscal 

year  ended  June  30,  1885. 

SOLD. 

To  F,  H,  Smith. 
1884. 

Mot.  1.  500  pounds  mortar  powder  from  broken-up  ammanition,  at  8  cents 

per  pound $40  00 

1886. 

Hay  28.  400  pounds  mortar  powder  fh>m  broken  np  ammunition,  at  8  oents 

per  pound 32  00 

Total  proceeds..         72  00 

~—  ■  ■      jg 

PURCHASED. 

From  S,  J.  Du  Pont  de  NemouA  f  Co. 
1884. 

Jtily  7.  lOO  pounds  hexagonal  powder,  at  25  cents  per  pound (25  00 

Not.  24.  200  pounds  square  powder,  at  25  cents  per  pound 50  00 

From  B.  B,ffotohki$8. 

Not.  24.  6,225  pounds  brown  prismatic  powder,  at  45AAj  cents  per  pound. .    2, 833  76 

Total  purchased . .    2, 908  76 
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Appendix   9. 


RK PORT  OP  THE  ORDNANCE  BOARD  ON  TEST  OF  e-INCH  SHELLS  FIRED 

B7  THE  DYNAMITE  PROJECTILE  COMPANY. 

(1  plate.) 

A  letter  iVom  the  Chief  of  Ordnance,  dated  Washington,  January  29, 
18R4,  was  presented  to  the  Board  by  Mr.  F.  H.  Snyder,  General  Mana- 
per  of  the  Dynamite  Projectile  Company.  The  letter  stated  that  Mr 
Snyder  might  desire  to  borrow  a  gun  to  make  experiments  with,  and 
stated  further  that  the  subject  was  important  and  should  receive  careful 
attention  and  consideration.  After  an  interview  with  Mr.  Snyder  the 
Boanl  wrote  to  the  Chief  of  Ordnance  recommending  that  a  light  12- 
ponnder  bronze  gun  should  be  loaned  by  the  Government  in  order  that 
preliminary  experiments  might  be  made.  This  recommendation  was 
approved. 

May  15,  1884,  Mr.  Snyder  wrote  to  the  Board  requesting  that  he 
might  be  furnished  with  two  6-inch  guns  for  experimental  use  at  Sandy 
Hook  in  firing  shells  and  water  projectiles  charged  with  d^^nnniite,  in- 
dicating a  Moffatt  6-inch  breech-loading  rifle ^nd  a  24-pounder  smooth- 
bore gun,  bored  up  to  6  inches,  as  the  pieces  he  would  prefer.  He  fur- 
ther requested  that  he  might  be  permitted  to  use,  when  not  otherwise 
engaged,  some  of  the  shop  tools  at  Sandy  Hook  for  fitting  and  repairs  of 
shells  after  trial.  The  Board  favorably  recomihended  all  these  requests, 
stipulating,  however,  that  the  24-pounder  gun  should  be  bored  up  from 
5.82  to  6  inches,  at  the  expense  of  the  Dynamite  Projectile  Company, 
and  the  recommendation  was  approved  by  the  Chief  of  Ordnance. 

The  guns  used  in  the  trials  were  those  al)ove  referred  to.  As  they 
were  in  no  respects  subjects  of  trial,  no  description  of  them  is  given. 

The  powder  was  of  the  E.  V.  M.  type,  density  1.750,  granulation  72, 
this  heiug  the  slowest-burning  hexagonal  powder  on  hand. 

The  projectiles  were  of  two  kinds,  one  being  a  brass  shell  fastened  to 
the  head  of  a  long  wooden  spar.  This  was  intended  for  naval  use,  and 
the  rounds  fired,  although  given  in  the  tiring  record,  are  not  further 
adverted  to.  The  other  projectile  intended  for  use  in  the  Army  is  illus- 
trat4?d  in  Plate  1. 

The  projectile,  Plate  1,  consists  of  a  brass  shell  (8),  with  its  ba«e  sur- 
rounded by  a  brass  ring  (R),  into  which  a  wooden  cylinder  (C)  is  inserted 
and  fastened  by  screws ;  this  cylinder  rest«  upon  a  rubber  buffer  ( B),  fluted 
on  the  exterior  and  containing  longitudinal  cylindrical  perforations;  the 
buffer  is  surrounded  by  a  hollow  brass  tube  (T)  which  fits  it  closely,  and 
finally  a  series  of  discs  composed  of  alternate  layers  of  copper  (D)  and 
paper  (D')  acts  as  a  wad  and  is  intended  to  close  the  bore  so  that  the 
powder  gases  may  not  pass  over  the  projectile.  The  shell  is  coated  on 
the  interior  with  parafi&ne  and  pitch  to  insure  a  smooth  surface.    By 
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varying  the  proportion  of  rubber  in  the  biifter  and  the  diameters  of  the 
perforations  its  stiffness  can  be  regulated. 

The  trial  commenced  July  25,  1884,  when  a  shell  filled  with  sand  wa$ 
fired  down  the  beach  with  a  4-poand  charge.  The  total  weight  of  the 
projectile  wth  all  its  parts  was  34  pounds  14J  ounces.  The  object  of 
this  shot  was  to  try  the  working  of  the  buffer.  On  August  16  a  shell 
said  to  contain  8  pounds  8^  ounces  of  <1ynaif)ite  was  fired  <lown  the  l>each 
with  a  3- pound  charge.  It  struck  about  200  yards  from  the  guu,  break- 
ing into  fragments  and  scattering,  but  not  exploding  the  dynamite.  A 
second  shell,  said  to  contain  8  pounds  8^  ounces  of  dynamite,  was  then 
fiired  with  a  3-pound  charge.  This  exi)loded  in  the  bore  and  destroyed 
the  gun. 

The  representatives  of  the  Dynamite  Projectile  Company  had  made 
the  projectiles  from  their  own  plans  and  at  their  own  expense.  They 
stated  that  they  were  of  the  opinion  that  the  shells  were  too  thin  and 
that  the  explosion  had  resulted  from  the  rupture  of  the  brass  case. 

In  a  letter  of  August  28  Mr.  Snyder  requested  that  the  Govecnment 
should  rebore  a24-pounder  gun  to  6  inches  caliber,  and  supply  him  with 
some  projectiles  similar  to  those  previously  fired,  but  with  thick  walls. 
The  Boani  considered  it  possible  that  the  rupture  of  the  gun  had  been 
caused  by  the  yielding  of  the  walls  of  the  shell,  and  to  settle  any  doubt 
on  this  subject  recommended  that  Mr.  Snyder's  request  for  another  gun 
and  new  projectiles  prepared  at  the  expense  of  the  Government  should  be 
granted,  which  recommendation  was  approved  by  theChief  of  Ordnance 
September  16,  1884. 

The  rubber  buffers  were  made  as  was  prescribed  by  Mr.  Snyder.  To 
compensate  for  the  increased  weight  of  the  projectile,  the  walls  of  the 
shell  were  made  0.52  of  an  inch  thick. 

On  October  10,  two  rounds,  and  on  October  16  one  round  was  fired 
with  3-pound  charges,  the  shell  containing  sand;  these  rounds  being  in- 
tended to  determine  the  l>est  form  of  butfer  to  be  used. 

In  the  fourth  round  of  this  series  a  shell  said  to  contain  7  pounds  8 
ounces  of  dynamite  was  tired  over  the  water  and  did  not  burst  on  strik- 
ing. The  fifth  round,  fiped  with  the  same  charge  and  a  shell  said  to 
contain  7  pounds  of  dynamite,  was  then  fired  against  a  thick  iron  plate 
and  exploded  with  great  violence,  but  did  no  appreciable  damage ;  the 
sixth  shot  fired  against  the  same  plate  passed  thrdugh  an  old  hole  in 
the  target  and  exploded  on  striking  the  wood  backing,  causing  but  little 
injury.  At  the  seventh  round  a  shell  said  to  contain  8  pounds  8  ounces 
of  dynamite  was  fired  at  the  plate  but  missed  it.  The  same  shell  was 
fired  in  the  eighth  and  ninth  rounds,  and  in  the  latter  case  striking  the 
backing  at  one  side  of  the  target  exploded.  The  distance  from  the  piece 
to  the  target  in  the  fifth,  sixth,  seventh,  eighth,  and  ninth  rounds  wa^  but 
100  yards;  but  the  charge,  3  pounds,  was  so  small  as  compared  with  the 
mass  projected,  which  weighed  about  60,  that  the  firing  was  very  inac- 
curate. It  was  determined,  therefore,  that  a  larger  charge  would  have  to 
be  used,  and  8  pounds  was  fixe<l  upon,  this  being  between  one-seventh 
and  one  eighth  the  weight  of  the  projectile,  and  considerably  less  than 
the  charges  of  smooth  bore  guns,  even  when  comparatively  quick-burn- 
ing powders  were  used. 

A  preliminary  round  with  a  shell  containing  16  pounds  8  ounces  of 
sand  was  fired.  The  resulting  pressure  was  less  than  18,000  pounds. 
The  shell  was  recovered  uninjured,  showing  that  it  was  amply  strong  to 
endure  the  shock  of  discharge  without  rupture. 

In  the  thirteenth  round  the  shell  was  loaded  under  the  supervision 
of  an  otficer,  and  was  found  to  contain  exactly  6  pounds  12  ounces  of 
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dynaiuite,  a  smaller  quantity  than  had  been  heretofore  reported  in  any 
of  the  shells  fired.  The  charge  was  as  in  the  preceding  round  8  pounds; 
the  total  weight  projected  from  the  gun  by  this  charge  was  61  pounds 
8  ounces.    In  this  round  the  gun  was  destroyed. 

It  will  be  seen  from  the  above  recital  that  evefy  facility  has  been 
afforded  to  the  Dynamite  Projectile  Company,  and  moreover  every  pre- 
caution suggested  by  them  was  taken.  The  Board,  after  firing  several 
roaods  with  3  pounds  of  powder,  however,  directed  that  a  more  suitable 
charge  should  be  used,  as  has  been  already  remarked. 

In  conclusion,  the  Board  would  state  that  it  is  impracticable  to  fire 
shells  containing  rommercial  dynamite  from  a  smoothbore  gun  when  a 
snitable  powder  charge  is  used,  under  the  system  proposed  by  the 
Dynamite  Projectile  Company. 

Although  previous  experiments  by  the  Board  have  indicated  that 
explosive  gelatine  can  be  successfully  fired  from  an  8-inch  rifle  with  a 
charge  of  lo  pounds  of  powder,  and  therefore  could  be  safely  employed 
in  this  case  instead  of  commercial  dynamite,  yet  the  Board  does  not 
coDsider  that  any  trial  with  it  in  this  system  would  be  of  any  value, 
hecause  the  projectile  employed  possesses  so  little  penetrative  power. 
This  system,  furthermore,  is  Very  complicated  and  expensive,  and  the 
Board  does  not  recommend  further  experiments  with  it,  as  simpler  and 
less  costly  methods  promise  greater  and  more  valuable  results. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance,  President  of  the  Board. 

GEO.  W.  McKBB, 

Mcqor  of  Ordnance. 
CHARLES  SHALBR, 

Captain  of  Ordnance. 
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Beoord  of  firing  with  24'pounder  imooth-hare  gun  Xo.  35  (reamed  to 
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iMicA  hore)y  at  Sand^  Hook,  N.  J.,  from  July  25  to  August  16,  1884. 
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SpeoUl  ivmarks  about  each  fire,  such  as  effect  on 
piece,  aoand  of  projectile  in  flight,  scatteiing  of 
iragmente,  etc.,  etc. 
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Fired  down  beach 


Compressed  rubber  buffer,  2".75. 
yards  fh>m  gun. 


Shell  found  400 


Struck  water  near  shore  and  skipped  wildly  perhaps 
50  yards ;  projectile  floated  ana  was  recovered,  in> 
do nted  on  one  side ;  gun  about  18  feet  above  water 
level. 


Fired  over  water 


Dvnamite  filled  in  compactly  by  band  and  coveied 
oy  cork  screwed  down  on  top  of  it  The  projectile 
was  coated  with  i*inch  mixture  of  parafflne  and 
asphalt.  Buffer  80  per  cent,  pure  rubber.  Struck 
I  beach  200-250  yards  distant,  and  head  broke  to 
pieces  and  scattered  fragments  of  dynamite  over 
space  of  50-75  yards. 

,'  Shell  loaded  as  before.  Burst  in  gun;  fragments  of 
every  size  thrown  in  every  direction  over  an  area 
the  'diameter  of  which  perhaps  was  200  yards. 
Chase  intact  from  trunnions  tnrown  11|  yards  to 
front  and  breech  25  yards  to  rear. 
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TEST  OF  Ib-INCB  GUN-CARRIAOB  ALTERED  AT  WATERTOWN  ARSENAL, 

BY  THE  ORDNASCE  BOARD. 

An  indorsement  by  the  Chief  of  Ordnance  dated  June  11,  1834,  re 
latini;  to  a  15  inch  carriage  with  a  hydraulic  cylinder,  model  of  1884, 
completed  at  Watertown  Arsenal,  directed  the  Boanl  to  make  Buch 
tests  of  the  carriage  as  might  be  deemed  necessary  and  to  report  the 
results  to  the  Ordnance  Office. 

The  carriage  is  in  general  the  same  as  the  one  described  and  illns- 
trated  in  the  Report  of  the  Chief  of  Ordnance  for  1883,  page  384  et  aeq,^ 
with  the  moditications  recommended  in  that  report,  except  that  the  re- 
traction gear  was  left  unchanged.  Furthermore,  the  rack  for  retaining 
the  carriage  after  recoil  was  att»'ched  to  the  top  carriage  instead  of  to 
the  chassis,  this  change  being  necessitated  when  the  chassis  rails  were 
placed  «lirectly  under  the  cheeks  of  the  carriage.  Thus  arranged  the 
8|mce  left  outside  the  shoe-plate  was  not  wide  enough  to  furnish  a  sup- 
port for  the  rack. 

The  trial  commenced  October  1, 1884,  and  consisted  in  firing  sixty 
rounds  with  one  hundi  ed  and  thirty  pounds  of  E.  V.  M.  powder  under 
angles  of  from  2^  to  23^,  the  latter  i  eing  the  highestelevation  obtainable. 
The  accompanying  firing  record  gives  a  detailed  account  of  the  trial. 

The  carriage  as  a  whole  worked  satisfactorily,  but  in  the  course  of  the 
flring  certain  detects  were  found  to  require  alteration. 

The  cylinder  transoms  were  made  of  steel.  Three  sets  broke,  a  fourth 
let  was  cracked.    These  should  hereafter  be  made  of  wrought  iron. 

The  pisronhead  as  furnished  was  too  small  and  did  not  restrain  the 
reoiiil  Huflftciently.  It  should  have  the  same  diameter  as  in  the  original 
carriage. 

The  liquid  escaped  at  the  joint  of  the  rear  cylinder-head.  A  groove 
should  be  turned  in  this  joint,  one-half  in  the  face  of  the  cylinder,  one- 
balf  HI  the  face  of  the  head,  and  st4)am  packing  should  b^  placed  in  this 
gnN)ve  before  bolting  the  head  to  the  cylinder.  It  is  thought  that  this 
vill  prevent  leakage.  The  leakage  through  the  stuffing-box  for  the 
pihtun  is  unim|N>rtant  in  quantity. 

The  Mcrews  in  the  props  uniler  the  center  of  the  chassis  were  upset 
and  their  ends  made  a  deep  impresnion  on  the  upper  face  of  the  traverse 
cin*le.  They  will  therefore  have  to  be  rejected  and  if  possible  an  ad- 
jo)>tsible  plate  should  be  substituted. 

The  retraction  gear  recommendeil  on  page  387,  Report  of  Chief  of 
Onluanoe  for  1883,  should  lie  applied  to  carriages  hereafter  constructed. 

It  will  be  observed  from  the  firing  record  that  guide  plate  bolts  were 
bmken  twice.  An  examination  of  these  bolts  appeared  to  indicate  th.it 
tbtf  inm  was  of  an  inferior  quality  or  had  been  injured  in  the  forging. 
All  liolts  should  be  of  the  very  best  material  obtainable.  It  has  been 
found  by  some  years'  experience  at  Sandy  Hook,  that  Burden's  best  iron 
is  very  satisfactory  for  bolts. 

In  other  respects  the  carriage  and  chassis  gave  satisfactory  results. 

T.  G.  BAYLOK, 
Colonel  of  Ordnance^  President  of  the  Board. 

OEOKOE  VV.  MgKEE, 

Major  of  Ordnance. 
CHABLES  SUALEU, 

Captain  of  Ordnance. 
4625  OSD 5  66 


66 


EEPORT  OF  THE  CHIEF  OP  ORDNANCE. 


Beoord  of  firing  with  Vi-ineh  Rodman  amooth-hore  gun  Ko.  114, 
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«f  Samdf  Hookf  K  J.,  from  October  1,  1884,  to  January  7,  1885. 
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Special  romarks  aboat  each  fire,  snoh  as  eflbot  on  pleoe,  sound  of 
prqjeotile  in  flight,  soattering  of  fragments,  etc,  etc. 

(Mounted  on  16-inch  carriage  with  hydranlio  buffer,  model  1884.) 


{Fired  to  sea  to  obtain  range 
<    and  try  oarriagek 


'25  gallons  oil  in  cylinder.  The  caiw 
mge  recoiled  against  rear  buffer, 
and  Jumping  rorward  tore  off  4 
teeth  of  toe  ratchet  for  catching 
the  gun  after  recoiL  The  pinUe 
and  pintle  plate  were  both  b«il 
Ukd  two  bolts  securing  piston-rod 
strap  to  transom  were  sneared  oft 
in  passing  over  middle  chassis 
transom.  These  bolts  were  re- 
placed before  round  175.  Difhr^ 
ential  pulley  caught  during  recoil 
and  block  broken. 


(nnd  to ■«•  to  obt4b>  Tuge 5 ""^SS ^  t^wLiS!^^^ 


'  on  leaked  oat  anrand  rear  head  of  cylinder  and  packing  blown 

out. 
Cylinder-head  bdts  tightened. 

Bear  head  of  oyUnder  repacked  with  sheet  copper. 


Before  firing  round  178— Ifew  piston  head  was  fitted  on  at  the 
old  one  proved  to  be  I  Inch  smaller  in  diameter  than  tiie  inside 
of  cylinder  I  the  pintle  and  pintle  plate  were  diso  stiaighi- 
ened  I  the  toe  of  the  ratchet  pawl  waa  reaet  and  new  ramat 
attaohed. 


Lower  step  for  orane  broke. 


Oun  washed  out,  examined,  star  ganged,  and  impressions 
taken  at  vent.    Firing  delayed  to  rebnsh  rent. 


Oil  oonmienoed  leaking  slightly  from  rear  head  of  blinder. 
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si  Samdg  Hook,  N.  J.,  from  Ooioher  1, 1884,  to  January  7, 1885— Continaed. 
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Spedal  rem»rkt  about  each  fire,  tnoh  as  effect  on  pieoe,  sooad  of 
projectile  In  flight,  scattering  of  fragments,  eto.,  etc. 

(Honnted  on  16-inoh  carriage  with  hydranlio  boffer,  model  1884.) 
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Bear  bolt  of  left  gnide-plate  bToken. 


Bear  head  of  Qylinder  tightened. 


Lower  firant  and  middle  transom  plates  for  cylinder  fhMstoni. 
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AU  the  cylinder  straps  being  found  broken  or  cracked,  _ 
ones  were  obtainea  from  Wstertown  Arsenal  and  fitted  0» 
carriage  before  round  214,  and  prop  screws  (being  npaet) 
were  removed  and  the  pmns  wedged  np  by  plates. 

Bound  214 — Upper  half  midale  cylinder  transom  cracked  ob. 
right  side,  ana  after  5  rounds  had  increased  so  as  to  extend. 
half  way  across. 

A  bolt  of  left  guide  plate  and  elevating  prop  broke. 


Bight  guide  plate  broken  off;  repaired. 
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THAYER8  DIRIGIBLE  BALLOON.    BY  THE  ORDNANCE  BOARD, 

(FiTe  plates.) 

A  letter  from  the  Ohief  of  Ordnance,  dated  January  23, 1885,  stated 
that  the  Secretary  of  War  had  invited  Mr.  Bnssell  Thayer,  of  Phila- 
delphia, to  appear  before  the  Ordnance  Board  to  explain  his  invention 
for  the  propulsion  of  balloons  at  a  high  rate  of  speed,  and  the  same  let- 
ter directed  the  Board  to  give  to  Mr.  Thayer  an  interview,  examine  his 
plans,  and  make  a  report  thereon  to  the  Ordnance  Office. 

Mr.  Thayer  appeared  before  the  Board  and  read  a  paper,  herewith  in- 
closed, describing  his  inventions,  and  also  presented  his  patents,  with 
specifications  covering  the  same.  The  Board  does  not  agree  with  Mr. 
Thayer  as  to  the  reasons  given  for  the  movement  of  his  balloon,  bat 
after  consideration  of  his  plans  deems  them  feasible  and  worthy  of  trial, 
in  view  of  the  great  value  and  importance  of  such  a  machine  for  war 
purposes  if  it  can  be  made  to  work  practically.  The  trial  in  order  to 
be  complete  and  satisfactory  should  be  made  with  a  machine  of  a  saf- 
fioient  size  to  prove  its  efficiency,  under  all  ordinary  circumstances. 
The  Board  therefore  recommends  that  a  machine  of  about  7  tons  as- 
oending  force  be  constructed  and  trials  be  made  with  it.  The  cost  of 
this  machine  complete  is  understood  to  be  about  $5,000. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance^  President  of  the  Board. 

GEO.  W.  MgKEB, 

Major  of  Ordnance. 
OHABLES  SHALEB, 

Captain  of  Ordnance. 


A  DESCRIPTION  OF  THAYER'S  DIRIGIBLE  BALLOON,  SUITABLE  FOR 
WAR  PURPOSES— THE  THEORY  AND  PRACTICAL  OPERATION  OF  ITS 
MOTOR,  ETC. 

RussBLL  Thatbr,  C.  E.,  Philadelphia. 

It  is  odIt  within  recent  years  that  the  conditions  of  the  problem  of  aerial  navi^ 
tion  have  been  studied  by  engineers  competent  to  deal  with  a  matter  of  this  descrip- 
tion, and  their  investigations  have  proved  that  the  navigation  of  the  air  is  a  question 
the  solution  of  which  is  dependent  upon  the  accomplishment  of  certain  results  quite 
within  the  range  of  applied  mechanics  of  the  present  day. 

Almost  exactly  one  hundred  years  ago  the  discovery  of  the  balloon  solved  one  of 
the  most  difficult  and  important  points  in  the  problem,  viz,  the  great  obstacle  to 
aerial  o]>erations  caused  by  the  action  of  the  force  of  gravity  upon  all  matter. 

By  means  of  the  device  of  the  balloon  we  are  now  enabled  to  overcome  the  force  of 
gravity  and  to  float  in  the  atmosphere. 

After  this  discovery  the  solution  of  the  problem  practically  resolved  it<self  into  the 
discovery  of  means  for  applying  force  for  the  purpose  of  directing  a  balloon,  properly 
dengned  in  shape,  on  a  regular  course  through  the  air  in  any  given  direction. 

70 


REPORT  OP  THE  CHIEF  OF  ORDNANCE.  71 

The  extreme  thinness  and  elasticity  of  the  mediam  in  whioh  the  hodvjfloats  ha» 
baffled  the  ingenuity  of  the  engineer  and  inventor  in  the  application  of  a^foroe  for 
the  propalsion  of  the  aerial  ship. 

Ail  methods  of  propulsion  heretofore  known  have  heen  tried  and  heen  found  want- 
ing. The  idea,  in  every  instance,  has  heen  to  apply  a  surface  of  some  resisting  mat- 
ter endowed  with  force  against  the  air,  the  object  in  view  being  to  obtain  thereby  a 
reactive  force  that  would  propel  the  air-ship  through  the  atmosphere.  Ignorant  per- 
sons have  suggested  wheels,  oars,  and  similar  contrivances,  while  accomplished  engi- 
ineers,  an  DeXiome  and  Gifford,  have  tried  to  adopt  the  propeller  to  the  solution  of  tae 
problem.  All  att-empts  heretofore  made  have  practically  been  failures,  although  to 
Mr.  Henri  Gilford,  the  celebrated  French  engineer,  the  credit  of  first  attempting  to 
ipply  steam  for  the  propulsion  of  a  dirigible  balloon  can  be  given.  "^ 

Another  most  important  point  in  the  Anal  solution  of  the  problem  must  he  here 
referred  to,  viz,  that  it  is  only  within  the  last  few  years  that  it  has  become  possible  to 
constmot  machinery  of  great  power  and  extreme  lightness  combined  with  strength. 

Mr.  William  Pole,  F.  R.  8.,  M.  Inst.  C.  £.,  in  the  year  1882  read  a  paper  before  the 
Institution  of  Civil  Engineers  of  Great  Britain,  and  discussed  in  a  practical  manner 
the  problem  of  aerial  navigation.  The  conclusions  reached  by  him  were  as  follows, 
vis: 

(1)  The  nrohlem  of  aerial  navigation  by  halloons  is  one  as  perfectly  amenable  to 
mechanical  investigation  as  that  of  aquatic  navigation  by  floating  vessels,  and  its 
Buccessfal  solution  involves  nothing  unreasonable  or  inconsistent  with  the  teachings 
of  mechanical  science. 

{i)  It  has  been  fullv  estahlished  by  experiment  that  it  is  possible  to  design  and 
eonstruct  a  balloon  which  shall  possess  the  conditions  necessary  for  aerial  navigation, 
y'lty  whioh  shall  have  a  form  of  small  resistance,  should  be  stable  and  easy  to  manage, 
and,  if  driven  through  the  air,  shall  he  capable  of  steering  by  a  proper  obedience  of 
4  he  rudder. 

(3)  Sufficient  data  exist  to  enable  an  approximate  estimate  to  be  made  of  the  power 

eoeasary  to  propel  such  a  balloon  with  any  given  velocity  through  the  air. 

(4)  The  recent  reduction  in  the  weight  of  steam-motors  has  rendered  it  possible  to 
carry  with  the  balloon  an  amount  ot  power  sufficient  to  produce  moderatelv  high 
ipeed,  aay  20  or  30  miles  an  hour  througn  the  air,  and  by  taking  advantage  of  othe)r 
ittent  improvements  it  would  also  be  possible  to  carry  a  moderate  supply  of  fuel  and 
wster  for  the  workinj^. 

(5)  The  practical  difficulties  in  the  way  are  only  such  as  naturally  arise  in  the  ex- 
t«a%toQ  of  former  successful  trials,  and  such  as  may^reasonably  be  expected  to  give 
way  before  skill  and  experience. 

Mr.  Pole's  entire  investigation  of  the  subject,  and  the  conclusions  deducted,  are  based 
00  the  screw  propeller  as  furnishing  a  practical  means  for  the  propulsion  or  an  aerial 
ihip. 

A  glauoe  at  the  tabular  results  reached  by  him  shows  that  as  a  means  of  applying 
the  force  generated,  the  steam-propeller  is  a  most  unsuitable  and  impracticable 
msehine.  Fancy  a  propeller  60  feet  in  diameter  (the  size  required  for  a  large  aerial 
ship)  sod  conveying  a  tnrnstof  3,000  pounds.  The  difficulties  of  coostructing  such  an 
srrangement  that  would  be  of  sufficient  lightness  and  strength,  and  at  the  same 
time  manageable,  are  insurmountable  and  preclude  its  use  for  the  purpose  in  ques- 
tion. 

The  propeller  is  a  most  suitable  contrivance  for  the  propulsion  of  ships  in  heavy, 
ineompreseible  fluid  like  water,  especially  where  weight  is  no  consideration,  but  is 
totally  ansnited  for  the  propulsion  of  bodies  in  an  extremely  attenuated  and  elastic 
meiiiam  as  the  air. 

The  conditions  which  obtain  in  regard  to  a  body  floating  in  the  kir  are  similar  to 
those  which  exist  in  the  case  of  a  ship  floating  in  the  water.  In  both  instances  the 
stnictare  is  supported  in  the  medium  in  which  it  floats,  against  the  action  of  the 
force  of  ^ra^ity,  by  the  weight  of  the  fluid  displaced,  this  weight  acting  verticidly 
apwards  in  opposition  to  the  force  of  gravity  acting  vertically  downwards  through 
the  center  of  gravity.  The  force  acting  vertically  upwards  and  sustaining  the  body  In 
the  floid  is  called  the  **  buoyant  effort, ''  and  its  intensity  is  equal  to  the  weight  of  the 
iinid  displaced.  Its  line  of  direction  passes  through  the  center  of  gravity  of  the  dis- 
placed fluid,  and  this  point  is  called  the  centner  of  buoyancy.  The  following  conclu- 
sioQB  result  from  a  thorough  investigation  of  this  branch  of  the  subject,  viz: 

(1)  The  pressures  upon  the  surface  of  a  body  immersed  in  a  fluid  have  a  single  re- 
solttnt  called  the  "  buoyant  effort, ''  and  this  resultant  is  directed  vertically  upwards. 

(2)  The  buoyant  effort  is  equal  in  intensity  to  the  weight  of  the  floid  displaced. 

(3)  The  line  of  direction  of  the  buoyant  effort  passes  through  the  center  of  gravity 
of  the  displaced  fluid. 

f4)  The  horizontal  pressures  destroy  one  another. 

In  regard  to  the  equilibrium  of  the  floating  body,  I  may  state  that  it  will  be  stable 
tt  long  M  the  oenter  of  gravity  of  the  body  is  below  that  of  the  displaced  fluid.    In 
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the  aerial  ship  that  I  have  designed  this  condition  will  be  always  fnlfilled^  and  oon- 
aenaently  the  struct  are  cannot  capsize. 

Practical  experiments  and  mathematical  deductions  prove  that  the  best  shape  for 
the  buoyant  portion  of  the  structure  under  discussion  is  that  of  a  circular  spindle  in 
which  L  =  3}  d,  L  representing  the  longer  or  horizontal  axis  and  d  the  diameter  amid- 
ships. This  shape  will  give  the  least  resistance  to  motion  through  the  air,  will  com- 
ply with  the  conditions  of  stable  equilibrium,  and  will  give  good  steering  qualities. 

The  ascending  force  of  the  gas,  hydrogen  bein^  used,  will  be  represented  by  the 
expression  A  <Pl,  iu  which  d  and  I  represent  quantities  as  above  and  A  being  a  coeffi- 
oient  depending  upon  the  shape  of  the  vessel  and  on  the  specific  gravity  of  the  gas 
compared  with  that  of  the  surrounding  air.  Supposing  pure  hydrogen  gas  to  be  used, 
the  levity  of  1  cubic  foot  =  0.0751  of  a  pound,  and  with  the  shape  above  given  the 
ascending  force  determined  by  actual  experiments  may  be  represented  by  the  expres- 
Bion  0.03  d»  Z. 

The  resistance  of  the  ship  to  motion  through  the  air  has  been  accurately  determined 
by  three  methods,  viz,  by  the  midship-area  calculation,  skin-friction  calculation,  and 
cubic-diHplacemeut  calculation;  and  based  upon  the  conditions  that  l=3f  d,  the  fol- 
lowing resistances  have  been  obtained,  viz: 

By  the  midship  area  =  0.000172  0*  »« 

By  the  skin  friction  =  0.000173  d«  t?« 

By  the  cubic  displacement =0.000211  d^  «< 

in  which  d  represents  as  above  and  v  =  velocity  in  feet  per  second  of  time.  Taking  s 
mean  of  the  two  last  expressions  (the  largest),  the  formula  giving  the  resistance  to 
the  motion  forward  through  the  atmosphere  becomes  X  :=  0!000193  ^  v* 

THE  THEORY  OF  ACTION  OP  THE  MOTOR. 

To  return  now  to  the  subject  of  the  propelling  force,  I  will  observe  that  the  idea  of 
beating  the  air  (a  medium  of  extreme  rarity)  with  a  propeller  in  order  to  generate  % 
reactive  force  forward  is  impracticable,  not  only  on  account  of  the  practical  difficulties 
in  the  way  as  before  suggested,  but  also  and  principally  by  reason  of  the  nosubstan- 
tial  character  of  the  medium  upon  which  the  foroe  is  made  to  act  and  the  great  waste 
of  power  resulting  from  any  such  method.  After  careful  investigation  of  the  subject 
I  was  forced  to  adopt  the  conclusion  that  the  propelling  force  must  reside  in  the  motor 
itself,  and  must  be  applied  within  itself  in  suuh  a  manner  as  to  promote  motion  for- 
ward. , 

The  action  of  the  motor  is  entirely  independent  of  extraneous  conditions,  and  will 
produce  high  rates  of  motion  without  applying  force  against  any  extraneous  resisting 
medium. 

In  all  ordinary  applications  of  force  to  produce  motion  we  see  the  force  generated 
applied  against  some  resisting  subitauce.  The  steamboat  In  propelled  by  the  reaction 
resulting  from  the  action  of  tue  bbide  of  the  paddles  or  screw  upon  the  dense  mediam 
of  the  water.  The  locomotive  engine  moves  forward  by  reason  of  the  peripheries  of 
the  drivers  rolling  along  the  rail,  but  the  tires  must  grip  the  rail  before  motion  results. 
Numerous  instances  of  the  application  of  force  based  upon  the  principles  here  in- 
▼olved  may  be  enumerated. 

In  the  case  of  navigating  the  air,  however,  there  is  nothing  upon  which  or  against 
which  the  force  generated  can  be  applied.  We  are  suspended  in  space,  Itetween  heaven 
and  earth,  and  if  we  except  the  invisible  and  extremely  rare  medium  of  the  air,  there 
is  nothing  upon  which  a  propelling  force  can  act  extraneous  to  the  machine  itself. 
Under  these  circumstances  we  can  only  utilize  the  air  as  a  medium,  the  weight  of  which 
oauses  a  buoyant  effort  by  which  we  can  counteract  the  force  of  gravity  and  float. 
In  order  to  move  in  the  air  I  <levelop  forces  in  unstable  equilibrium,  acting  upon  the 
structure  itself,  and  producing  a  resultant  power  which  will  cause  the  ship  to  move  in 
the  direction  iu  which  said  resultant  is  made  to  act. 

The  principles  which  I  have  adopted  to  produce  this  condition  of  ooutinnous  un- 
fltable  equilibrium  of  forces  may  best  be  understood  from  the  following  simple  demoo- 
stration : 


T 


A)^ : >  JO 
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Take  a  hollow  cylinder,  ahod,  with  an  outlet  at  ^^l  square  inch  in  area.    Now  snp- 
(M)8e  this  cylinder  is  kept  constantly  filled  with  air,  steam,  or  vapor,  nnder  a  pressure 
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ol^  amy,  100  poandfl  to  each  square  inch ;  suppose  the  area  of  each  cylinder-head  =  10 
fqaare  iuches.  Under  these  circumstances  the  total  pressure  on  the  head  a  h  will 
=  10  by  100=  1,000  pounds.  On  the  head  od  there  will  be  only  9  square  inches  upon 
which  the  force  within  the  cylinder  can  act;  consequently  the  pressure  on  this  end  of 
the  cylinder = 9  by  100  =  900  pounds.  All  the  other  forces  wituiu  the  cylinder  are  in 
a  condition  of  equilibrium,  for  the  reason  that  they  are  all  acting,  respectively,  in 
directly  opposite  directions  and  are  equal.  Therefore,  the  resultant  of  forces  =  IfOOO 
poands  —  900  pounds  =  100  pounds,  acting  in  the  direction  B  A,  and  this  produces 
moiion  in  that  direction  due  to  said  resultant. 

We  have  here  generated  a  powerful  force,  and  applied  it  in  such  a  way  as  to  pro- 
dace  motion  with  the  simplest  possible  mechanism  and  entirely  independent  of  extra- 
neous conditions. 

Motion  can  be  produced  by  this  principle  in  a  perfect  vacuum,  remote  from  the 
reach  and  influence  of  all  terrestrial  objects;  indeed,  it  is  evident  that  in  a  vacuum 
the  motion  of  a  body  impelled  by  the  action  of  a  force  resident  within  the  motor 
itnelf,  by  the  principle  above  described,  would  be  at  a  far  higher  rate  of  speed  than 
wonid  be  the  case  in  the  air,  for  the  reason  that  the  medium  in  which  the  body  is 
traveling,  viz,  the  air,  offers  considerable  resistance  to  motion  due  to  friction. 

The  motor  I  have  devised  enables  me  to  accumulate,  produce,  and  apply  an  ex- 
tremely powerful  force.  It  ccmhists  essentially  of  a  high-speed  air-compressor  cou- 
pled directly  to  a  specially  designed  gas  engine,  and  a  reservoir,  called  an  accumu- 
lator, into  which  the  compressed  air  is  forced.  The  rear  end  of  this  reservoir  is  so 
arranged  that  at  given  int>erTals  of  time,  a  few  seconds  apart,  the  confined  energy  is 
suddenly  released,  thus  producin|if  a  powerful  motive  thrust  forward,  due  to  the  tact 
of  the  unstable  condition  of  equilibrium  of  forces  at  tbe  instant  of  discharge.  The 
amount  of  power  thus  rendered  available  is  dependent  upon  the  size  of  the  reservoir 
and  its  discharge.  It  is  also,  of  course,  a  function  of  the  time  of  charging  and  the 
number  of  strokes  of  the  engine  made  therein.  In  the  motor  here  described  for  aerial 
navigation  the  impact  of  the  escaping  air  or  vapor,  under  high  pressure,  against 
the  particles  of  the  surrounding  air  in  which  the  body  is  floating,  tends  to  increase 
the  resultant  action  forward;  but  the  principal  portion  of  the  motion  forward  la 
caosed  by  the  continuous  condition  of  unstable  equilibrium  of  forces  producing  a 
resaltant  action,  as  above  described,  in  a  given  direction.  The  reaction  resulting  from 
the  impaotof  the  escaping  gas  upon  the  particles  of  the  surrounding  medium  is  small 
in  comparison  with  the  resultant  of  the  forces  in  unstable  equilibrium,  but  slight  as 
it  is  it  acts  in  the  proper  direction. 

I  regard  the  aperture  at  the  rear  of  the  motor  mainly  as  a  means  for  the  escape  of 
tb^  wasted  energy ;  its  size  is  so  proportioned  as  to  produce  the  maximum  condition  of 
unstable  eqailibrinm  of  forces. 

I  will  now  proceed  to  a  description  of  the  dirigible  balloon,  the  plans  of  which  ac- 
company this  paper.  As  will  be  seen  from  the  drawings,  it  consists  essentially  of  two 
portions.  The  buoyant  part,  which  corresponds  to  the  null  of  a  water  ship,  is  made  of 
mperpoaed  tissnes  of  strong  silk  and  rubber,  and  the  shape  is  that  of  a  circular  spin- 
dle, in  which  the  lon^  horizontal  axis  =  3|-  times  the  length  of  the  diameter  amid- 
ihips;  this  structure  is  filled  with  hydrogen  gas. 

The  deck  of  the  ship,  upon  which  the  machinery  is  located,  and  where  men  with 
dynamite  percnssion  cartridges  or  a  Galling  gun  can  be  placed,  is  below  the  buoyant 
part  of  tbe  stmoture,  and  is  firmly  supported  therefrom  and  braced  thereto,  as  shown. 
Opposite  the  center  of  the  ship  there  is  a  lower  deck,  completely  inclosed  and  sep- 
arated from  the  rest  of  the  structure,  in  which  the  power  is  located.  From  the  cylin- 
der of  the  motor  a  pipe  leads  all  or  part  of  the  wasted  energy  utilized  in  the  produo- 
iion  of  motion  to  the  stem  of  the  ship,  and  is  there  terminated  by  a  nozzle  fitted  on 
a  ball  and  socket  joint.  This  arrangement  permits  tbe  nozzle  to  be  moved  in  any  diree- 
tios  at  pleasure,  and  by  a  movement  of  the  nozzle  from  the  wheel  the  ship  may  be 
steered  in  any  direction  that  may  be  desired,  thus  avoiding  the  necessity  for  any 
rudder. 

While  the  machinery  is  in  motion  and  the  force  is  being  generated  the  ship  is  un- 
der perfect  control  and  can  be  directed  in  any  course  that  may  be  required.  It  is  not 
Deceesary  that  the  entire  amount  of  wasted  energy  should  be  discharged  at  the  stern 
of  the  ship  and  used  for  steering,  and  it  is  preferable  not  to  do  this,  but  to  discharge 
tbe  air  or  vapor  near  the  motor  and  thus  avoid  the  friction  in  the  tnbe;  a  portion 
Mfficient  only  to  give  good  steering  power  should  be  taken  to  the  nozzle  at  the  stern. 
In  the  interior  of  the  buoyant  portion  of  the  ship  is  placed  a  large  silk  sack,  con- 
Dected  with  the  air-compressor  on  the  deck,  and  a  pipe  leads  from  the  exterior  enve- 
lope to  the  tnbe  leading  to  tbe  nozzle  at  the  stern.  Both  of  these  pipes  are  provided 
with  cocks,  which  can  be  opened  or  shut  at  pleasure. 

There  are  four  cylinders  filled  with  compressed  hydrogen  on  the  deck  of  the  ship, 
vbich  are  connected  with  the  interior  of  the  exterior  envelope  and  are  provided  with 
coclu. 
Tbeie  appliances  enable  the  aerial  ship  to  travel  at  any  elevation  abore  the  earth, 
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And  to  ascend  or  descend  in  the  atmosphere  withont  the  use  of  ballast.  By  simplj 
withdrawing  hydrogen  from  the  interior  of  the  exterior  enrelope  and  forcing  air  into 
the  interior  of  the  interior  sack  the  buoyancy  of  the  stmctnre  is  diminished  while  iti 
exterior  form  is  not  cbaoged,  and  the  ship  will  descend;  the  reverse  of  this  operation 
will  restore  the  original  buoyancy  and  cause  the  shin  to  ascend.  The  importance  of 
this  matter  will  be  appreciated  when  it  is  remembered  that  it  is  not  proposed  to  trayel 
habitually  at  high  altitudes,  but  at  elevations  of  a  few  hundred  feet  only,  sufficient 
to  clear  terrestrial  objects. 

The  following  examples  show  the  carrying  capacities  of  aerial  ships  of  variom 
siKOs,  with  the  speed  per  hour  and  total  resistance  met  with  at  the  respective  rates  of 
motion ;  these  elements  are  calculated  from  the  formulas  heretofore  giveu  in  tlm 
paper: 

In  all  oases  d= diameter  amidships,  1  ==3|d  =  length. 


d  =  30' 


1  =  110' 


Total  ascending  force,  2,970  pounds. 

Besistance,  10  miles  per  hour,  36.04+  pounds ;  20  miles  per  hour,  149.11+  ponnda 


d  =  40' 


1  =  147' 


Total  ascending  force,  7,040  pounds  =  3^  tons.  ^ 

Besistance,  10  miles  per  hour,  67.62  pounds ;  20  miles  per  hour,  265.10  pounds. 


d  =  50' 


1  =  183' 


Total  ascending  force,  =13,725  pounds  =  say,  7  tons. 

Besistance,  10  miles  per  hour,  =105.66  pounds ;  =  20  miles  per  hour,  414.22  pounda 


d  =  75' 


1  =  275' 


Total  ascending  force,  46,400  pounds  =  23  tons. 

Besistance,  20  miles  per  hour,  931.92  pounds ;  40  miles  per  hour,  3,727.69  pounds. 


(1  =  100' 


1  =  367' 


Total  ascending  force,  =110,000  pounds  =  55  tons. 

Besistance.  10  miles  per  hour,  =422.67  pounds;  20  miles  per  hour,  =1.656.90  pounds; 
40  miles  per  nour,  =6,627.62  pounds. 

Note  these  resistances  at  the  speed  specified  and  observe  bow  very  small  they  are  in 
comparison  to  the  size  of  the  aerial  ship  and  its  carrying  capacity.  It  is  only  neces- 
sary for  the  motor  to  develop  a  force  equal  to  the  resistance,  in  any  instance,  to  pro- 
duce the  corresponding  rate  of  motion  through  the  atmosphere. 

The  following  table  shows  the  speed  in  miles  per  hour  that  could  be  commanded  on 
any  proposed  course  by  a  ship  having  an  independent  motion  through  the  air  of  30 
miles  per  hour,  wind  supposed  due  north,  blowing  with  velocities  varying  from  0  to 
SO  miles  per  hour. 


Yolooity  of 
wln£ 

N. 

NNS.    or 

NNW. 

NE.or 

BNE.    or 
WNW. 

B.    or 
W. 

B8B.     or 
W8W. 

SB.  or 
8W. 

8SB.    or 
SSW. 

.s. 

€slm 

6 

80 
25 
20 
15 
10 
5 

80 
26 
20 
15 
10 
5 

80 
26 
22 
17 
13 
7 

80 
27 
25 
20 
16 
9 

80 
29 
28 
2.-> 
22 
17 

80 
81 
88 
82 
81 
29 
22 

80 
84 
87 
39 
41 
48 
48 
42 
88 

80' 
85 

89 
44 

48 
51 
M 
60 
.      63 
87 
70 

30 
35 

10 

40 

16 

45 

25 

60 

55 

80 

00 

86 

..••.. 

65 

40...: 

70 

46 ..... 

75 

60 

80 

The  uses  to  which  such  a  structure  as  I  have  described  can  be  applied  for  war  par- 
poses  are  various.  For  communication  with  and  relief  of  besieged  towns  it  would  be 
invaluable,  and  for  all  purposes  of  military  observation  and  reconnaissanoe  it  would 
be  very  useful.    For  actual  hostilities  it  could  be  employed  as  I  have  briefly  suggested, 
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Tic,  by  sending  a  few  men  in  a  balloon  of  this  description,  in  the  day  or  night  time, 
over  a  hostile  town  or  fleet,  and  dropping  down  on  to  the  enemy  dynamite  percnssion 
eartridges.  The  effects  woald  be  very  disastrous  to  the  enemy,  and  there  would  be 
DO  way  of  avoiding  the  results. 

A  dynamite  cartridge  dropped  on  the  deck  of  any  form  of  ship  would  most  proba- 
bly sink  her,  or  a  Gatling  gun  can  be  used. 

Of  couTBe  there  are  other  uses  to  which  the  structure  that  I  have  described  could 
be  devoted  for  military  purposes.  I  simply  have  mentioned  a  few  that  have  suggested 
themselvea. 

I  feel  satisfied  from  the  experiments  that  I  have  made  on  a  small  scale  that  the  ap- 
paratus is  practical,  and  for  a  comparatively  speaking  small  sum  a  war  balloon  can  be 
boilt  which  would  be  exceedingly  useful  to  the  Government. 


BALLOON  OR  AERIAJi  SHIP. 

RnasBLL  Thayer,  of  Philadelphia,  Pa. 

[Spedfloation  forming  put  of  letters  patent  No.  809008,  dated  December  9,1884.    Application  filed 

Korember  28, 1^.    (No  model.)! 

T«  all  whom  it  may  eoacera : 

Be  it  known  that  L  Russell  Thayer,  of  the  city  of  Philadelphia,  county  of  Phil- 
sdelphia,  and  State  of  Pennsylvania,  have  invented  an  improvement  in  balloons  or 
aerial  ships,  of  which  the  following  is  a  speoificaiipn. 

My  invention  has  reference  to  ballooutt  or  aerial  ships ;  and  it  consists  in  providing 
the  same  with  devices  to  produce  and  maintain  a  supply  of  eas  or  vapor  in  a  receiver 
and  force  the  same  from  a  discharging-nozzle  at  the  rear  of  the  balloon  or  air-ship 
under  considerable  pressure,  whereby  an  unstable  equilibrium  of  forces  generated  by 
the  com  pressed  gas  or  vapor  in  the  receptacle  is  produced,  and  in  details  of  construe- 
tioD,  all  of  wbicn  are  fully  set  forth  in  the  following  specification  and  shown  in  the 
accompanying  drawings,  which  form  part  thereof. 

Theobjeot  of  this  invention  is  to  provide  a  balloon  or  aerial  ship  with  simple  and 
effective  means  for  navigating  the  same,  irrespective  of  the  air-currents  in  which  it 
floats,  whereby  a  K^eat  velocity  is  attained  and  the  vessel  made  manageable ;  further, 
to  dispense  with  tne  usual  large  wind-wheels  or  air-propellers,  and  all  such  devices 
which  are  bulky,  unmanageable,  and  require  a  f^reat  power  to  work  them. 

In  order  to  move  in  the  air,  I  develop  forces  in  unstable  equilibrium  acting  upon 
the  Btrnctnre  itself,  and  producing  a  resultant  power  which  will  cause  the  ship  to 
move  in  the  direction  in  which  said  resultant  is  made  to  act. 

In  the  motor  here  described  for  aerial  navigation  the  impact  of  the  escaping  air 
mderhigh  pressure  against  the  particles  of  the  surrounding  air  in  which  the  body  is 
floating  tends  to  increase  the  resultant  action  forward ;  but  the  principal  portion  of 
the  motion  forward  is  caused  by  the  continuous  condition  of  unstable  equilibrium  of 
forces,  producing  a  resultant  action,  as  above  described,  in  a  given  direction.  The 
reaction  resulting  from  the  impact  of  the  escaping  gas  ut»on  the  particles  of  the  sur- 
n>andin|^  medium  is  small  in  comparison  with  the  resultant  of  the  forces  in  unstable 
eqailibnnm,  but  slight  as  it  is  it  acts  in  the  proper  direction.  I  regard  the  aperture 
at  the  rear  of  the  motor  mainly  as  a  means  for  the  escape  of  the  wasted  energy.  Its 
siae  is  so  proportioned  as  to  produce  the  maximum  conditions  of  unstable  equuibrinm 
of  forces. 

In  the  drawings,  Figure  1  is  a  side  elevation  of  my  improved  navigable  aerial  ship, 
lig.  2  is  a  plan  view  of  the  upper  or  machine  deck.  Fig..  3  is  a  plan  view  of  the 
lower  or  boiler  deck,  and  F\^,  4  is  an  elevation  (part  in  section)  showing  the  mechan- 
ism for  makiuff  the  aerial  ship  rise  or  descend  in  the  air. 

A  is  the  balloon  proper  or  gas-receptacle,  and  is  preferably  made  cigar-shaped  and 
filled  with  hydrogen  gas. 

B  is  the  net- work  which  surrounds  the  balloon  A,  and  carries  by  ropes  C  the  ma- 
chine deck  D,  to  the  under  part  of  which  is  supported  the  boiler-deck  £. 

F  IB  the  rudder,  which  may  be  formed  like  a  mainsail  of  a  yacht,  and  is  moved  by 
tiller-ropes  G,  which  pass  aronnd  blocks  g  g,  and  are  secured  to  the  tiller- wheel  H  in 
the  forward  part  of  the  deck  D. 

I  are  the  boilers  or  eas-holders  and  J  is  the  smoke-pipe,  which  may  extend  down- 
ward, as  shown,  and  deliver  the  smoke  from  the  gas  below  the  deck  E,  so  as  to  allow 
the  apper  deck  to  remain  clear  and  prevent  injury  to  the  silk  or  other  material  con- 
•titQting  the  balloon  proper. 

K  is  a  steam  or  gas  air-compressor,  in  which  air  is  compressed  and  delivered  by  a 
pipe,  L,  to  a  reservoir,  M,  under  high  pressure.    From  the  reservoir  M  it  is  allowed 
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to  rush  through  the  disohargiog  nozzle  N  with  any  desired  velocity,  which  u  regit, 
lated  by  means  of  the  valve  n.  If  desired,  the  end  N'  of  the  nozzle  N  may  be  hin|r«4 
or  pivoted  on  a  universal  joint,  as  at  N^,  so  that  by  setting  said  pivoted  section  at  av 
ancle  the  vessel  may  be  quickly  turned  or  made  to  travel  in  a  curved  line  and  raitied 
or  lowered  at  will.  *^Tbis  may  be  used  in  coujuiicrion  with  the  rudder  F,  and  will  be 
advantageous,  particularly  when  traveling  with  the  wiud. 

In  place  of  using  the  intermediate  reservoir  M,  the  air  may  be  forced  direct  from 
the  compressor  into  the  discharging  nozzle  or  pipe,  which  extends  out  of  the  rear  of 
the  ship  and  below  the  rudder;  but  by  using  a  reservoir  the  pulsations  of  the  dis- 
charged air  due  to  the  intermittent  action  of  the  compressor  will  not  be  felt  by  the 
«hip,  aud  as  the  air  in  the  receiver  exerts  an  equal  and  opposite  presHureou  all  sides, 
except  in  the  rear,  where  the  di8chargin^-uozzle  is  place<l,  aud  whid,  if  it  were  Dot 
for  said  nozzle,  would  have  been  in  stable  equilibrium,  is  now  unstable,  the  vessel  is 
propelled  with  a  force  equal  to  the  difference  in  pre^nsure  on  the  front  and  back  of  the 
said  reservoir  and  the  reactionary  effect  of  the  compressed  air  upon  the  atmosphen 
in  its  exit. 

The  exhaustrsteam  from  the  compressor  K  may  be  condensed  in  a  condouser,  0,  and 
pumped  back  into  the  boilers  I.  The  condenser  may  be  kep'  cool  by  circulation  of  a 
refrigeratiug-liqnid  cooled  in  a  refrigerator,  P,  and  circulated  by  a  pump,  Q;  or  th« 
ateam  may  be  coudeused  by  a  chemical  refrigerator  alone. 

It  is  ailvisable  to  use  the  condensed  steam,  as  the  consumption  of  water  would  vary 
the  burden  of  the  vessel,  and  cause  it  to  rise  when  not  desired,  and  to  prevent  this  it 
would  be  necessary  to  allow  an  equivalent  of  the  hydrocen  gas  to  escape.  By  using  a 
gas-engine  iustead  of  a  steam-engine  we  entirely  avoid  this  difficnlty,  and  we  avoid  en- 
tirely all  danger  fiom  fire  and  the  weight  of  water  and  coal  or  other  fuel  for  the  eo- 
i;ine.    The  gas-fuel  for  the  gas-engine  is  compressed,  before  starting,  iut'O  a  receiver. 

To  regulate  the  vertical  travel  of  the  balloon  or  ship  in  the  air  without  varying 
the  tension  in  the  receptacle  A,  I  provide  the  said  receptacle  with  a  smaller  flexible 
receptacle.  A',  located  within  the  larger. 

R  IS  a  strong  reservoir  into  which  hydrogen  gas  is  forced  under  very  high  presson. 

8  is  a  compressor  or  force-pump,  which  may  be  operated  by  steam  or  hand  power. 

lis  a  pipe  connectiug  with  the  receptacle  or  balloon  A,  and  has  two  branches,  t'  fi, 
provided  with  valves,  one  of  which  connects  with  the  hydrogen  tank  R  and  the  other 
with  the  suction  of  the  compressor  S. 

W  is  an  air-suction  pipe  for  the  compressor,  and  is  also  provided  with  a  valve. 

U  is  an  air-pipe  connecting  the  air  receptacle  A'  with  the  discharge  of  the  com- 
pressor  by  a  pipe,  V,  which  is  provided  with  a  valve,  and  also  with  a  discharge-pipe, 
W,  provided  with  a  valve,  which  pipe  opens  into  the  atmosphere.  The  discharge  of 
the  compressor  is  also  connected  by  a  valve-pipe,  V,  with  the  hydrogen-tank  R. 

To  ascend,  air  is  allowed  to  escape  by  pipe  W  from  vessel  or  bag  A',  and  hydrogen 
is  passed  into  the  receptacle  A  from  tank  R  by  pipes  tf  t  until  the  receptacle  A  is 
filled  out.  To  desceud,  hydrogen  is  allowed  to  escape  into  the  atmosphere  from  bal- 
loon or  receptacle  A,  or  is  drawn  through  pipes  1 1*  and  forced  into  the  tank  R  bj 
compressor  8  and  pipe  V,  aud  air  is  then  sucked  in  pipe  W  and  forced  by  compres- 
sor 8  through  pipes  V  and  U  into  bag  A'  to  fill  out  the  receptacle  A,  as  before. 

In  place  of  air,  any  other  gas — as  bisulphide-of-carbou  vapor  or  carbonic  oxide— 
may  be  forced  through  nozzle  N. 

I  do  not  limit  myself  to  the  details  of  construction,  as  my  invention  comprehends 
the  application  of  air,  gas,  or  vapor  kept  in  unstable  equilibrium  in  a  receiver  and 
allowed  to  escape  in  the  rear  of  an  aerial  ship  in  order  to  propel  the  same  forward. 

Having  now  described  my  invention,  what  I  claim  as  new,  and  desire  to  secure  bj 
letters  patent,  is — 

(1)  The  combination,  in  an  aerial  ship,  of  the  hydrogen  or  gas  receptacle  made  ob- 
long or  cigar-shaped,  decks,  ropes  connecting  said  decks  with  said  gas  recepta^^Ie, 
boilers  I,  aud  air-C')m pressor  K,  supported  upon  said  decks,  a  discharging- pipe,  N, 
extending  rearward  and  connecring  with  said  compressor,  and  the  rudder  F,  arranged 
above  said  discliarging-pipe  aud  below  the  gas-receptacle,  substantially  as  and  for 
the  purpose  specified. 

(2)  The  combination,  in  an  aerial  ship,  of  the  hydrogen  or  gas  receptacle,  made 
oblong  or  cigar-shaped,  decks,  ropes  connecting  said  decks  with  said  gas- receptacle, 
boilers  I,  reservoir  M,  an  air-compessor,  K,  supported  upon  said  decks,  a  pipe  connect- 
ing said  reservoir  with  said  compressor,  a  discharging-pipe,  N,  extending  rearward 
and  connecting  with  said  compressor  through  said  reservoir,  and  the  rudder  F,  ar- 
ranged above  said  discharging-pipe  and  below  the  gas-receptacle,  substantially  as 
and  for  the  purpose  specified. 

(3)  The  combination  of  gas-receptacle  A  with  the  inner  receptacle  A',  a  hydro- 
gen-tank, R,  a  compressor,  8,  and  connecting- pipes  and  valves  by  which  the  gas  may 
he  transferred  to  or  from  receptacle  A  and  air  to  or  from  receptacle  A',  substantially 
as  and  for  the  purpose  specified. 

(4)  An  aerial  ship  formed  with  an  oblong   or  cigar-shaped  gas-receptacle,  and 
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•BpporiiDg  arMervoir  into  which  air  is  forced  nnder  preasare,  and  an  adjustable  din*' 
ebftrge-nozsle  opening  irom  the  rear  end  of  aaid  reservoir  and  projecting  rearwardly 
from  the  balloon  or  a«*rial  ship,  substantially  as  and  for  the  purpose  specified, 
hi  teelimony  of  whioh  invention  I  hereunto  set  my  hand. 

RUSSELL  THATER. 
WitneesM: 

Nathl.  E.  Jantnbt. 
Jos.  J.  Knox. 


MOTOR. 
RussBLL  Thater,  of  Philadelphia,  Pa. 

rSpedfloation  forming  part  of  Letten  Patent  Ko<  800,009,  dated  December  0, 1884.    Applloation  filed 

March  17. 1884.    (No  model.}] 
To  sU  whom  it  may  concern : 

Be  it  known  that  I,  Rnssell  Thayer,  of  the  city  and  connty  of  Philadelphia,  and 
State  of  Pennsylvania,  have  invented  an  improvement  in  motors,  of  whicn  the  fol- 
lowing is  a  specifioaition. 

My  iovention  has  reference  to  the  propulsion  of  aerial  ships,  land  vehicles,  and 
marine  vemels;  and  it  consists  in  said  aerial  ships,  vehicles,  or  vessels,  provided 
witli  means  to  compress  air,  and  an  intermittent  storage-reservoir  having  discharg- 
ing-ralves  at  one  or  both  ends,  said  valves  being  intermittently  operatt*d  to  allow 
nidden  disohargps  of  the  air  or  vapor  compressed  into  said  reserv<iir,  whereby  the 
forces  of  the  air  oompresHod  in  said  reservoir  wben  rendered  unstable  are  enabled  to 
react  upon  one  end  of  said  reservoir,  to  cause  the  said  aerial  ship,  laud  vehicle,  or 
marine  vessel  to  be  pn^pellfd  and  in  details  of  construction,  all  of  whioh  are  fully 
•et  forth  in  the  following  specitication,  and  shown  in  the  accompanying  drawings, 
wliicb  form  part  thereof.  By  forcing  the  air  into  a  reservoir  so  constructed  that  wheu 
the  pressare  therein  reaches  a  certain  amount  a  large  opening  would  be  automatic- 
ally provided  for  the  instantaneous  discbarge  or  escape  of  the  compressed  air  or  vapor 
it  one  end  of  said  reservoir  a  very  great  increase  in  propelling  power  can  be  rendered 
iTsilable,  for  the  reason  that  at  the  instant  previous  to  the  uischarge  from  the  reser- 
voir the  foro«*s  generated  therein  by  the  compressed  air  or  ^as  acting  agaiust  its  ex- 
teoflive  internal  surface  will  be  in  acondition  of  stable  equilibrium,  but  at  the  instant 
theendof  the  reservoir  is  opened  these  forces  on  that  eud  will  be  released,  while 
those  on  the  other  end  are  still  acting,  consequently  at  that  moment  the  reservoir 
WDotd  take  up  a  motion  due  to  the  unsupported  action  on  the  closed  end,  and  as  the 
leiervoir  is  a  part  of  the  motor  and  the  motor  is  a  part  of  the  entire  structure  to  be 
propelled,  it  will  move  in  the  direction  opposite  to  tliat  from  which  the  spent  energy 
IB  released.  By  varying  the  area  of  the  discharge  and  the  pressure  of  the  compressed 
sir  any  desire<l  force  may  be  prixluced  for  nse  in  propelliug. 

Id  the  drawings,  Fig.  1  is  a  side  elevation  of  an  aerial  Hhip  having  my  improved 
motor  attached  thereto.  Fig.  2  is  a  side  elevation  (with  the  reservoir  in  section)  of 
m)  improved  motor.  Fig.  li  is  a  plan  view  of  same.  Fig.  4  is  an  end  view  of  the 
xwervoir,  showing  the  dischirge-porta.  Fig.  5  is  a  plan  vImw  of  the  reservoir  discharge- 
valves.  Fig.  6  is  an  outline  of  a  marine  ship  having  my  improved  motor  ap]illed 
thereto;  and  Fig.  7  is  a  side  elevation  of  a  laud  vehicle  having  my  improved  motor 
applied  thereto. 

A  reprnaents  the  aerial  ship,  land  vehicle,  or  marine  vessel.  B  is  the  deck  or  floor 
upon  whioh  the  motor  is  applind.  C  is  the  boiler;  C\  the  sinoke-stiick ;  D,  the  air- 
eompms^r;  B,  the  intermittent  sr^irage-renervuir.  The  compreiHor  D  dra^vs  in  air 
by  Talves  d  and  disohargen  it  by  pipe  F  into  the  siile  of  rhe  rnsTvoir  E.  This  reser- 
Toir  may  be  made  in  any  mannnr  desire<l,  having  one  or  both  its  heads  Q  provided 
with  dlscharKO- valves.    These  heads  G  may  have  ports  g. 

H  is  actfutral  shaft  snpporte«l  by  the  brads.  Loosely  supported  upon  this  shaft  H, 
iDd  against  the  inner  faces  of  heads  G,  are  the  circular  valveu  I,  having  apertures  i, 
to  correspond  with  the  openings  <jr  in  the  heads.  These  valves  have  clutch-hubs  J. 
UpoD  the  shaft  H  l>etween  tht)  Iiea4ls  is  a  longitudinally-reciprocHting  sleeve,  K,  ro- 
titnl  or  rocked  with  the  shaft  H  by  nienns  of  feathers  A'.  This  sleeve  is  provided 
vith  circnnifereiitial  groove  K'  and  a  clutch,  &*,  on  each  end,  whioh  are  adapted  to 
uesb  with  the  clutches  J  on  valves  I.  This  sleeve  may  be  moved  ion^ritiiilinully  to 
nedi  with  either  of  wiid  valves  by  an  arm,  L,  secured  to  a  rock-shafr,  L^  and  adapted 
to  be  n)cked  by  a  hand-lever,  M,  which  may  be  set  in  either  of  its  extreme  positioua 
by  detent- pawl  IN,  catching  in  notches  a  in  segment  N. 

The  shaft  H  may  be  imermittently  rocked  by  hand  or  any  suitable  automatic 
necbauiMm — for  instance,  hs  shown — in  which  ao  arm  O,  is  secnrHd  to  the  end  of 

tbe shaft  U  ontsiile  the  reservoir,  and  is  drawn  in  one  direction  by  a  sprl*ig,  O',  and 

palled  in  the  other  by  a  bell-crank  lever,  8,  pivoted  to  a  frame,  T,  and  having  its  free 

ma  provided  with  a  pin,  a. 
Ris  a  ratchet- wheel,  which  is  snpported  in  a  bearing,  B',  and  provided  with  a  pin^ 
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r,  on  its  face,  which  is  arranged  to  strike  the  pin  a  daring  the  rotation  of  said  ratchet- 
wheel.  This  ratchet-wheel  is  rotated  by  the  pawl  P',  pivoted  to  a  head  or  block,  P, 
carried  by  the  piston-rod  D',  the  said  pawl  beins  pressed  against  the  ratchet-wheel 
by  a  spring,  p.  The  ratchet-wheel  R  is  prevented  from  rotating  in  the  other  direction 
by  a  pawl,  F^.  As  shown,  there  are  twelve  t«eth  to  the  ratchet-wheel ;  hence  the  com- 
pressor will  make  twelve  double  strokes  to  make  one  revolution  of  said  ratchet-wheel , 
and  during  one  of  the  intermittent  movements  of  the  rat-chet-wheel  the  pin  r  thereon 
strikes  the  pin  «,  rocking  the  crank  S  and  suddenly  opening  the  valve  I  by  causing 
the  shaft  H  to  be  rocked.  As  shown,  it  is  discharging  from  the  rear  end.  If,  now,  it 
is  desired  to  move  backward,  the  hand-lever  M  is  moved  and  the  sleeve  K  moved  until 
its  clutch  k  meshes  with  the  clutch  J  on  the  forward  valve  I,  when  any  movement 
to  shaft  H  causes  the  discharge  to  take  place  in  the  opposite  direction.  By  this  means 
a  great  and  stable  force  may  be  generated  in  the  reservoir,  and  which  may  in  an  in- 
stant be  made  unstable  by  the  opening  of  one  of  the  valves  I,  allowing  the  forces  to 
act  mainly  on  one  end  of  the  reservoir. 

To  ^uide  the  vessel,  tubular  extensions  £'  may  extend  out  of  the  reservoir  E  on 
each  side,  as  shown  in  Fig.  3,  and  may  be  provided  with  valves  s.  By  this  means  a 
constant  discharge  may  be  used,  or  the  valves  may  be  opened  when  the  main  discharoe 
takes  place  to  afiow  the  unstable  equilibrium  of  forces  to  come  into  play  as  well  for 
steering  as  for  propelling. 

In  the  case  of  marine  vessels,  the  air  when  leaving  the  reservoir  E  may  be  conveyed 
in  all  or  part  below  the  water  by  a  pipe,  G',  (see  fig.  6,)  to  obtain  the  reactive  force 
on  the  water  as  well  as  the  resultant  of  the  forces  in  the  reservoir  when' the  discharge 
takes  place.  The  air  in  this  instance  may  be  controlled  by  a  valve,  Q,  in  the  rear 
discharge-nozzle  G'. 

I  do  not  limit  myself  to  the  details  of  oonntruotion,  as  they  may  be  modified  in  va- 
rious ways  without  departing  from  my  invention. 

Having  now  described  my  invention,  what  I  claim  as  new,  and  desire  to  secure  bj 
Lett-ers  Fatent,  is—  , 

(1)  A  motor  consisting  of  means  to  compress  air,  in  combination  with  a  storaee- 
restrrvoir  and  valved  discharging-ports  at  one  or  both  ends,  substantially  as  and  for 
the  purpose  specified. 

(2)  A  motor  consisting  of  means  to  compress  air,  in  combination  with  a  storage- 
reservoir  and  valved  discharging-ports  at  one  or  both  ends,  and  automatic  mechan- 
ism to  intermittentljir  actuate  sa>d  valves,  substantialljr  as  and  for  the  purpose  specified. 

(3)  A  motor  consisting  of  means  to  compress  air,  in  combination  with  a  storage- 
reservoir  and  valved  discharging-ports  at  one  or  both  ends,  and  automatic  mechan- 
ism controlled  by  the  compressor  to  intermittently  actuate  said  valves  after  a  certain 
number  of  strokes,  substantially  as  and  for  the  purpose  specified. 

(4)  A  motor  consisting  of  means  to  compress  air,  in  combination  with  a  storibge- 
reservoir  and  valved  discharging-ports  at  one  or  both  ends  and  on  its  sides,  substan- 
tially as  and  for  the  purpose  specified. 

(5)  A  motor  consisting  of  means  to  compress  air,  in  combination  with  a  storage- 
feservbir  having  dischai^ing-norts  at  each  end,  valves  to  open  or  close  said  ports,  and 
mechanism  to  render  either  oi  said  valves  operative,  but  not  both  at  the  same  time, 
substantially  as  and  for  the  purpose  specified. 

(6)  A  motor  consisting  of  means  to  compress  air,  in  combination  with  a  storage- 
reservoir  having  discharging-ports  at  each  end,  valves  to  open  or  close  said  ports,  and 
mechanism  to  render  either  or  said  valves  operative,  but  not  both  at  the  same  time, 
and  automatic  mechanism  to  intermittently  actuate  said  valve,  substantially  as  and 
for  the  purpose  specified. 

(7)  Tne  combination  of  compressor  D,  pipe  F,  reservoir  E,  having  discharglnff- 
ports  ^,  valves  I,  having  ports  i  and  clutch-teeth  J,  shaft  H,  means  to  intermittently 
rock  said  shaft,  sleeve  K,  having  clutch-teeth  fc,  and  means  to  move  said  sleeve,  sub- 
stantially as  for  the  purpose  specified. 

(8)  The  combination  of  compressor  D,  pipe  F,  reservoir  E,  having  discharging- 
ports  ^,  valves  I,  having  ports  i  and  clutch-teeth  J,  shaft  H,  means  to  intermittent^ 
rock  said  shaft,  sleeve  K,  having  clutch-teeth  A;,  and  means  to  move  said  sleeve,  con- 
sisting of  arm  L,  shaft  L',  lever  M,  and  means  to  lock  said  lever  M  in  its  extreme 
positions,  substantially  as  and  for  the  purpose  specified. 

(9)  The  combination  of  compressor  D,  pipe  F,  reservoir  E,  having  ports  g,  valves  I, 
having  ports  i,  shaft  H,  arm  0,  lever  S,  having  pin  «,  ratchet-wheel  R,  having  pin  r, 
piston-rod  D',  and  paw  IP',  substantially  as  and  for  the  purpose  specified. 

(10)  The  combiuation  of  the  air-compressor  D,  pipe  F,  reservoir  E,  a  discharging- 
vaive,  means  to  intermittently  actuate  said  valve,  and  means  to  guide  the  discharged 
air  in  one  or  more  directions,  substantially  as  auct  for  the  purpose  specified. 

In  testimony  of  which  invention  I  hereunto  set  my  hand. 

RUSSELL  THAYER. 
Witnesses: 

R.  M.  Hunter, 
FrancisS.  Brown. 
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jr.  L,  S.  BUCKNEB? 8  AERIAL  DROP  FOR  EXPLOSIVES,  BY  THE  ORDNANCE 

BOARD. 

(1  plate.) 

The  following  letter  was  received  from  the  Chief  of  Ordnance  January 
24, 1885 : 

Dr.  M.  L.  8.  Backner,  of  Shelbyville,  Ky.,  introdnced  by  Senator  Beck,  is  the  in-, 
yes  tor  of  A  method  of  nsinf;;  hig^  explosives  from  balloons. 

He  will  call  at  the  New  York  Arsenal  next  Saturday ,  and  the  Board  will  ^ve  him  an 
interview  and  examine  his  plans,  reporting  their  opinion  and  what  action,  if  any, 
fthoold  be  taken  by  the  Department  in  experimenting  with  the  invention. 

Dr.  Bnckner  api)eared  before  the  Board  January  24,  1885,  with  a 
model  of  his  apparatus  and  explained  its  operations. 

He  subsequently  sent  to  the  Board  a  copy  of  his  application  for  a 
patent,  giving  a  drawing  and  specifications  which  is  herewith  appended. 
He  desires  that  this  be  kept  secret  for  the  present. 

The  machine  is  ingenious  and  there  seems  to  be  no  doubt  that  it  will 
work  and  drop  its  explosives  at  the  fixed  time  to  which  the  alarm-clock 
may  be  set.  .The  machine  has  to  be  suspended  i¥om  a  balloon,  and  to 
be  efficient  would  require  a  very  accurate  knowledge  of  the  force  and 
direction  of  the  wind  at  difierent  elevations,  and  of  course  at  best  could 
only  be  used  under  the  most  favorable  circumstances  and  when  the 
wisd  was  blowing  in  the  direction  of  the  object  to  be  reached.  The 
Board  is  not  sufficiently  versed  in  the  science  of  aerostation  to  express 
ftn  opinion  as  to  the  probable  accuracy  with  which  a  balloon  can  be  es- 
timated to  reach  a  given  point  and  the  length  of  time  required  to  do  so. 
The  Board  would  therefore  suggest  that  this  matter  be  referred  to 
Borne  one  who  has  made  a  study  of  this  subject 

T.  G.  BATLOB, 
Colonel  of  Ordnancej  President  of  the  Board. 

GEO.  W.  MoKBB, 

Major  of  Ordnance. 
CHABLBS  SHALBB, 

Captain  of  Ordnance. 


5PICIFICATION    FORMING    PART    OF    APPLICATION    FILBD    SEPTEMBER    17,   1884,    BY 
MOSBS  L.  S.  BUCKNSR  FOR  AERIAL  DROPS  FOR  EXPLOSIVES. 

[Allowed  October  4, 1884.] 

hall  vkom  it  may  eonoem : 

Be  it  known  that  I,  Moses  L.  S.  Bnckner,  a  citizen  of  tlie  United  States,  residing  at 
Sbelbyville,  in  the  oonutjr  of  Shelby  and  State  of  Kentucky,  have  invented  a  new 
i&d  luefhl  improvement  in  aerial  drop  for  explosives,  of  which  the  following  is  a 
dttcription. 
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Appendix    13. 


FIBIXGS    WITH    H0TCHKI88    MOUNTAIN    GUN.    BY    THE    ORDNANCE 

BOARD. 

(2  plates.) 

The  frun,  its  carriage  and  ammuDition  are  deacribed  and  illustrated 
in  the  Be)K)rt  of  the  Chief  of  Ordnance  for  1881,  page  133,  et  aeq. 

Ike  experiments  tabulated  below  were  carried  on  by  order  of  the  Chief 
of  Ordnance  given  in  an  indorsement  dated  December  9,  1884,  on  a 
letter  from  B.  B.  Hotchkiss.  This  letter  states  that  the  report  above 
referred  to  gives  too  high  a  velocity  for  the  projectile  and  charge  of 
powder  used.  Examination  of  the  report  shows  that  the  weight  of  the 
projectile  is  recorded  as  2  pounds  10  ounces,  whereas  it  should  have 
been  given  as  2  pounds.  The  other  data  of  the  report  on  this  subject 
are  correct.  An  inclosure  to  the  letter  of  Mr.  Hotchkiss  gave  a  schedule 
of  work  required  and  field  data  to  be  obtained  for  computing  a  range 
table  for  the  mountain  gun  and  supplied  a  form  according  to  which  it 
vas  desired  that  the  records  might  be  furnished.  The  firing  records  in 
the  usual  form  are  furnished  with  this  report,  and  the  same  records 
arranged  as  desired  by  Mr.  Hotchkiss  are  as  follows : 

TrUU  conduced  Itetween  January  30  and  February  20,  1885,  under  inBtruotions  from  the 
Chi^  of  Ordnanoe  dated  December  9,  1884,  with  the  HoiohhUe  A^-millimeter  mountain 

gun. 

flft  Obtlect  of  tiijU  I  the  determination  of  velocities  »t  100  and  S50  feet  from  moExle  with  deriatione 

from  center  of  impact.] 

CONDITIONS  OP  FIBINTG. 

FrojecHle:  Cast-iron  shell  weighted  to  1  ponnd  15  ounces. 

Charge:  Powder,  Dn  Font's  HN;  density,  1.607;  granulation,  22930;  weight,  5i 
ounces. 

Poimting :  Inclination  -{-  2'- 

Wind:  Direriion,  front  and  right,  48^  (angles  read  from  the  line  of  fire  in  each  quad- 
nnt) ;  force,  5.9  feet. 

Barometer,  30''.315;  thermometer,  27<^.3;  wet  bulb,  24^.2;  dew  point,  16^.9. 

The  gnn  on  its  carriage  was  fired  from  a  plank  walk,  occupying  pre- 
cisely the  same  position  for  each  round ;  the  service  sights  of  the  gun 
were  ased  in  pointing,  but  elevations  were  givea  with  the  quadrant. 
The  board  target  was  distant  from  the  muzzle  620  feet,  and  its  bull's-eye 
was  0.9  feet  above  axis  of  trunnions  of  gun.  No.  32  wire  was  used  on 
the  velocity  targets.  The  powder  charges  were  weighed  out  on  scales 
recording  one-fourth  graiif^. 
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a 

8 

O 

I 


a 

o 

i 

•z 

9 

a 


r 


1  '   +2' 

2  +2' 


8 
4 


+2' 
+2' 


6      +2' 


6 

7 

8 

9 

10 


+2' 
+2' 

+2' 
+2' 
+2' 


s 

•mm 

J 

1.276 

1,274 

1,270 

1,279 

1,275 

1,279 

1, 276. 5 

1.283 

1,280 

1,283 


Devlatioiis. 


From  center  of  target. 


Vertical. 


Horizontal. 


Above.   Below. !  Right. 


1,193 
1,192 
1.181 
1,190 
1,187 
1,185 
1,183 
1,193 
1,179 
1,189 


Feet 
0.10 


I 


0.93 


Feet. 
'6.60 


Feet. 
0.19 


Left. 


Feet. 


0.24 
0.31 


0.38 
0.68 
0.33 


•'.70  ' 
0.61  I, 


0.07 
0.21 


0.71 
0.ii8 

ail 

0.66   !    0.402 


From  center  of  impact 


Vertical. 


Above.  Below. 


Feet 
0.262 

'i'.'m 


•  I' 


Feet 

;    0.828 

,    '6.218 
.;    0.518 
0.168 


HorisoBtaL 


Bi^ht  I  Left. 


Feet. 


0.491 


Feet. 
0.029 
0.2M 
0.429 


0.81 
0.86 


0.95 


L58 


3.20  I      3.42 


1.23 


0.472 


0.538 
0.448    .. 


0.441 

0.591 
0.641 


0.139 
0.109 


1.169 


2.228  I    2.228       2. 164  i    2.164 


1. 62-HlO=0. 162    2. 19-«- 10=0. 219  i  4. 456-»-10=0. 45  '  4. 328+10=0.48 


Mean  vertical  deviation  from  center  of  impact 0'.45 

Mean  horizontal  deviation  from  center  of  impact O'.a 

Mean  deviation  from  center  of  impact '. 0'.6? 

[Number  of  shots,  10.  ] 


V       Mean  vel<tcity 

Vm     Maximnm  velocity. 
Vm    Minimnm  velocity . 

Vm— m  Variation 

Em  Mean  variation 

Vo 


At  100  feet 


1, 277. 6 
1.283 
1.270 
13 
3.25 


At  550  feet 


1, 187. 2 
1,198 
1,179 
14 
4.20 


[2.  Object  of  trial :  Bango  firing  over  the  sea  »t  3^  and  6°  elevation ;  measurement  of  ranges;  drift  ind 

time  of  flight] 

CONDITIONS  OF  FIRING. 

Projectile:  Cast-iron  shell  weighted  to  1  pound  15  ounces. 

Charge:  Powder,  Du  Pontes  H  N;  density,  1.607;  granalation,  22930;  weight,  5^ 
ounces. 
Pointing:  Inclination,  Ist  series,  3°;  2d  series,  6^. 
Wind:  Direction,  rear  and  left,  55^ ;  force,  5.9  feet. 
Barometer,  30'M84;  thermometer,  28.1;  wet  bulb,  25^^.6;  dew  point,  20^.1. 

Oun  fired  from  piauk  walk.  Elevations  given  with  qaadrant,  and  as 
recorded,  not  corrected  for  angle  of  jump  or  difference  of  level.  Bauges 
plotted  by  plane-tables. 


[Angle  of  elevation  3°.    Axis  of  tran- ,  [Angle  of  elevation  9P.    Axis  of  tmn- 
nions  of  gnn  13.95  feet  above  sea-level.  ]     nions  of  gun  18.33  feet  above  sea-level.} 


Kum- 

X 

yards. 

-'  J 

ber  of 
shot 

Left. 

1 

1,471 

3 

2 

i,4S0 

8 

3 

1,467 

3 

4 

1,  467 

3 

ft 

1.494 

5 

6 

1,479 

4 

7 

1,475 

3.75 

8 

1,493 

5 

0 

1,464  , 

2.76 

10 

1,480  1 

8 

D  yards. 


Kight. 


T 

sec- 
onds. 


4.5 
I       4.5 

4.4 

4.5 
1  4.5 
I        4.5 

4.5 

*5 
4.5 

I        4.5 


Nam- 

ber  of 

shot. 


1 
2 
3 
4 

5 
6 

7 

8 

9 

10 


X 

yards. 


2,346 
2,345 
2, 342 
2.361 
2,342 
2,31^ 
2,327 
2, 352 
2.267 
2,312 


D  yards. 


I/Oft. 

Right. 

16 

14 

13 

14 

13 

11 

U 

12 

10 

10.5 

T 

sec- 
onds. 


8.0 

7.75 

7.75 

&25 

&0 

7.8 

7.75 

8.0 

7.75 

8.0 
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Angle 8o 

Xumberof  shots I        10 

X  Me«n  range yards. .    1, 477 

Xm        Maximum  ranjce yards..    1,4M 

Xm        Minimum  range yards..    1,467 

Xm — m  Bztreme  deviation yards..         27 

8  Mean  longitudinal  deviation . . .  yards . .  •         8. 2 

Batio  of  mean  deviation  to  mean  range         0. 0065 

X'  True  range yards. . 

D  Mean  drift yards.. 

Dm        MaxluumdrlA yards.. 

Dm        Minimnro  drift yards.. 

Dm— m  Extreme  deviation  of  drift —  ysnls . . 

g  Mean  drift  deviation yards . . 

r  Ratio  of  mean  drift  to  mean  range  . . . 

D*  True  drift yards 

T  Meantime seconds..,         4.49 

Tm         Maximamtlme seconds..'         4.5 

Tm.       Minimom  time seconds..;         4.4 

Tm— m  Yariation  of  time seconds..'         0.1 


4.6 

8 

2.75 

5.25 

1.57 

0.0031 


10 
2.838 
2,861 
2,267 

04 

18.6 
0.0070 


12.5 

16 

10 

6 

1.55 

0.0054 


7.83 
8.25 
7.75 
0.5 


(3.  Ol^ect  of  trial :  Range  firing  over  the  sea  at  99  and  120  elevation ;  measuremeat  of  ranges;  drift 

and  time  of  flight.] 

CONDITIONS  OF  FIRING. 

ProjecUle:  Cast  iron  shell  weighted  to  1  pound  15  onnces. 

Oiarfe:  Powder,  Dn  Ponies  HN;  density,  1.607;  granulation,  22.930;  weight,  &^ 
ounces . 
Poimting:  Inclination,  1st  series,  9^ ;  2d  series,  12^. 
Hisd:  Direction,  rear  and  right,  34^  ;  force,  14.7  fe**t. 
Barometer,  29''.916  ;  thermometer,  25.1 ;  wet  balb,  23^.3 ;  dew  point,  19^.0. 

Gqo  fired  from  plank  walk.  Elevations  given  with  quadrant,  and  as 
recorded,  not  corrected  for  angle  of  jamp  or  difference  of  level.  Banges 
plotted  by  plane-tables. 


[Angle  of  elevation  0^.    Axis  of  tmn> '  [Angle  of  tlevation  12^.   Axis  of  tnm- 
aionsof  gun  13.8  feet  above  sea-level.]      nions  of  gnn  14.55  feet  above  sea-leveL 


Nnm- 


Dyaida. 


Nam- 

ber  of 

shot. 


X 

jards. 


3,592 
S.589 
3,596 
3,604 
3,614 
3,569 
8,567 
3,626 
8,626 
3,560 


D  yards. 


Left. 


13.25 
17.5 
9 
14 
14.5 
12 

16.75 
14.75 
14.75 
12 


Right. 


I... 


T 

sec- 
ends. 


14 

14.13 

13.75 

14.0 

14 

13.76 

18.75 

14.0 

14.0 

14.0 


Angle 

Number  of  shots. 

X 

Xu 

Xm 

Xx^m 


S 


X' 

D 

Dm 

Dm 

DH-m 

S 

r 

jy 

T 

Tm 

Tm 
TM~m 


Mean  range ysrds.. 

Maximnm  range yards. . 

Minimum  lange yards.. 

Extreme  deviation yards. . 

Mean  lon^tudinal  deviation  ..yards.. 
Batio  of  mean  deviation  to  mean  range 

True  range yards.. 

Mean  drift ...yards.. 

Maximnm  drift yards.. 

Minimum  drift yards.. 

Extreme  deviati«in  in  drift yards. . 

Mean  drift  deviation yards. . 

Ratio  of  mean  drift  to  mean  range 

Tree  drift yards.. 

Mean  time seconds.. 

Maximum  time seconds. . 

Minimum  time seconds. . 

Variation  of  time seconds.. 


90 
10 
2,996 
8,012 
2,982 
80 
6.7 
0.00224 


120 

10 
8,595 
3.626 
3,567 

59 

l&O 
0.005 


13.93 
16.75 
11.75 

5.0 

1.31 

0.00465 


14.86 
17.5 

9 

&5 

1.9 

0.0080  I 


11 

11.25 

10.75 

0.5 


13.94 

14.13 

13.75 

0.38 
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{i.  Ol^ect  of  trial ;  the  determination  of  the  angle  of  Jamp  at  (K>,  8o,  (P,  9^,  and  U9.] 

CONDITIONS  OF  FIRING. 

[Pxojectile:  Cast-iron  shell  weif(hted  to  1  pound  15  ounces.   Charse:  Powder,  Da  Font's  H.  N. ;  deotltj 

1.607;  granulation,  22930;  weight,  5)  ounces.} 


Pointing :  Inclination degrees . . 

Wind:  I 

Direction  from  r<>ar  and  right do ' 

Direction  from  rear  and  left do ^ 

Force feot.-j 

Barometer inches.. 

Thermometer degrees . . 

Wet  bulb do  ... 

Dew  poiut do  ... 


First  series. 

OandS 
43 


29.3 

29.969 

19.9 

17.1 

7.8 


Second  series. 


6, 9,  and  12 


35.2 

29,953 

14.8 

12.8 

5.6 


Gun  fired  from  platik  walk  at  target  distant  100  feet.    Elevatious 
given  with  quadrant  and  gun  sighted  by  cross  hairs  in  bore  of  gun. 


Number  of  shots. '  Elevation.      A?.5l®  °^ 

Jump. 


3. 
3. 
3. 
3. 
'  3 


Dtgreei. 
0 
3 
6 
9 
12 


15-51 
22-23 
22-48 
19-40 
17-18 


KoTE. — X'  D'  Vo  are  not  calculated,  but  the  data  called  for  from 
which  they  may  be  obtained  are  all  given. 

T.  G.  BAYLOR, 
Colmiel  of  Or  finance^  President  of  the  Board. 

GEO.  W.  McKEE, 

Major  of  Ordnance. 
CHARLES  SHALE  R, 

Captain  of  Ordnance. 
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Record  of  firing  with  JSotehkiss  i^-milUmeter  mountaim.  gun  No.  64, 


Powder. 


8 

o 


I  Time. 


P.  M.— Barometer, 
29.008 ;    tbermoiB-  • 
eter,  31.9;  bamid-'* 
ity,  87. 


Kind. 


1885. 
Jan.   2 

Jan.   2 

Jan.   2 

Jan.  2 


I 

5|jan.  2 

6  Jan.  2 

7  Jan.  2 
8'Jan.  2 
9  Jan.  2 

10  Jan.  2 


11 


Jan.   2 


Prodectile. 


12: Jan.   22! 


wot* 


s 


Qm^ 


A.  M. — Barometer, 
30.457;  thermom- 
eter, 12.0 ;  humid  ^ 
ity,  70. 


13  Jan.  22; 

1  I 

14  Jan.  22| 

15  Jan.  22i 

I 

16  Jan.  22; 

IT^Jan.  22' 

18  Jan.  22' 

;  i 

19  Jan.  22 

20  Jan.  22 

21  Jan.  22 


•o  .a 


I 


22 Jan.  22 


A.  M.  —Barometer, 
80.584;   thermom- 
eter, 21.7;  hamid-'^ 
ity,  77. 


I 
'i  23  Jan.   23 


24  Jan.  23 

25  Jan.  23 

i 

26  Jan.  23 


27 
28 


Jan.   23 
Jan.    23 


29  Jan.   23 


r 


m 

a 
o 

i 

i 


oe 


« 
§ 

5 


p 

0 
O 

.a 


6 
6 

6! 

6 

6 

6 

6 

6 

6 

6 

6 

H 

H 
s* 

^1 

5*1 


I 


Kind. 


a 

8 


9 

^ 

a 

1 
>%< 

M 

O 


I 


Si! 

I 
5* 

164  J 


a 

0 

O 


I 


15, 

I15' 
!l5 
jl5 
.15 
15 
15 
i5 

15 
15 

i 
15 

'J, 


I 


15' 
15 
15 
15 
15 
15 
15 
15 


•     I 
1.15 

115 

115; 

i  : 

1,15 
1|]5 
115 
115 


l« 

td 

J& 

I& 

^  C9 

3! 

3^ 

is 

11 

g«M 

s* 

l§ 

l§  1 

FMt 


I 
Oi 

I 

0 

0 

0    ..»., 


0 

I 

01 

0| 

ol 

I 

I 
0 

0 

0 

0 

0 

0 


a  4 


Feet. 
Lost. 

1,225 

1,226 

1,224 

1.240 

1,232 

1,226 

1,218 

1,215 

1,210 

1,195 

Loat. 

1,262 

1,294 

1,272 

/ 

1,260 
1,277 
1,821 


0' 1,323 


1,312 
1.823 
1,328 


1,207 
2;  1.245 
2  Lost 
2   1,232 
2;  Loat 


Loat 
1,278 


Loat 
1,385 
1,833 
1,330 
1,846 
1,344 
1,382 


Feet. 


\> 


9 

.S 


0 

o 

S 

« 

a 

00 


o 

00 

•a 

S 

t 

a 


h 

0 

O 

.a 

9 

S 

a 

a 


o 

09 

<: 
s 

a 
fli 

I 


^ 


a 

0 

o 
e 
"% 

Q 


I     It 
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It  Sttif  Si>ok,  N.  J.,  from  Jmuaiy  31  to  Febmaiy  QO,  L885. 


Kmk*  ftna  centet  ol  Urgsl, 

™"^'T/f 

enter  of 

Dip»t, 

Tm™i, 

HtxiioaUI. 

Tertlcil. 

nUl. 

itx'.  Bd(». 

Right. 

Luft. 

AboTB,    Below, 

RiBht. 

Left. 

!).» 

..no 

1  •■■■ 

0.M 

UK 

<.,;( 

0.71 

LIT   

171 

1.M    

2,7S 

IM 

1)41 

0.74 

0.87 

O.SB   

0,OT   

0.01 

0.W 

L« 

a-,, !     0.97 

0.87 

lli      IK 

a.  79 

t-m 

a:«a      2.aB 

101 

Hl*r=«.07 

0.  £fl-*7«ll.  H 

S.  38+7=0,77 

.«.7 

=0.M 

Ili-lgbtorbniraeyrnrur 
set  nboTe  sila  nf  trnn- 
Dlon  of  gas,  0.8  feol. 


[eibh  vertJul  devtaClou  trma  oen- 
HoiiD    boriu)nUl'dBT_l>UDn   fram 
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Record  of  firing  mih  HoichkUs  42-milUmeter  mouulain  gun  No,  €A,at 


Powder.      Projectile. 


Time. 


OB 


wt. 


6 


I    1885.    ! 
SOJao.    30 

31Jan.  30 

32{JaD.  30' 

33  Jan.  30| 

34  Jan.  30' 


Kiod. 


^  Kiod.    . '  . 


Wel<[htofcnbiofoot 
of  air,  573.9  (Glai- 
Bher'8  tables). 

A.M.  —  Barometer,  ^ 
30.315;  thermome- 
ter, 27.3;    humid- 
ity, 63. 


35 
36 
37 
3** 
39 
40 
4] 
42 
43 


JaD.    30 

Jan.   30 

I 

Tan.  30 

Jan.  30 

Jan.  30 

Jan.  30 

Jan.   30 

I 

Jan.   30 
Jan.   30 


44  Jan.    30. 


Weiffhtof  cabio  foot 

of  air,  570.7. 
P.  M. — Barometer, 

80.184;  thermome-^ 

ter,  28.1;   humid 

ity,  70. 


45  Jan.  30 

46  Jan.  30 
I 

47  Jan.  30 

48  Jan.  30 

49  Jan.  30 
50'Jan.  30 
51! Jan.  30 


52  Jan.   30 


53 
54 


3ol 


Jan. 
Jan.   30 


o 

C 

O 


o 


o 


a 


OB 
0 


.a 


(\H  1 

H 

.>j 

54 
54 

5i 

54 

54 

54 

54 

54 


a!  tf 
3  a 

O    0| 


>  B 

e 


o 
•<-t 

9 


o 

i 

.a 
u 

e 

» 


54 
54 
54 
54 
54 
54 

54 

54 

54 

;54:  J 


1  15 
115 


I  o  '  '  Feet. 
2  Lost 


2  LoHt. 


16       2   1,193 


i;i5 

I 
115 

1|15 

1,15' 

115. 

1  I5I 

I     i 

115: 

.     I 

;  1,15 

!  1.15 
1.5 
l;15: 
1'15 

1 


2  1,192 
2,  l,181j 
],19o' 


1,187 
2;  1,185 
2;  1.183 

I 
I 

21  Lost 

2;  1, 103 
2!  1,179 
Lost 

21  Lost  1 

I 

21  1. 189, 


•32 

'I 

P  ® 


^9*    i 

Feet 
1,261 

1,280 

1,276 

1,274 

1,270    I 

1,279 

1.275 

1,279 

1, 27ft  6 

Lost 

1,283 

1,280 

1,278 

1,278 

1.283 


o 
PS 


Feet 

18.  00  1 

18.00 
l&OO 
18.00 
18.00 
l&OO 
18. 00 

laoo  > 

18.00 

laoo 

18.00 
18.00 

laoo 

18.00 
18.00  J 


a 

•a 
a 


^ 


I 


115 
115' 

II5I 
115 
155 
115 

lll5 
115 
115 
115 


3 
3 
8 
3 
3 
3 
3 
3 
3 
3 


> 


.a 

C4 

o 


§ 


9 
O 

a 


a 


o 

a 


B 


s 

c 
.2 

a 


)■ 


o 
•o 
•n   . 

«  O 

S 


a 


a. 

a 


3 
O 
SI 


< 
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Samdf  Ho0kf  N.  /.,  from  January  *il  to  Februarjf  20,  1885— Contioned. 


Divtasee  fttmi  oeoter  of  target, 
in  feet. 


Vertie*L 


HorisontaJ. 


AbOTCi 


Below. 


—  r 


1.06 


DUtanoe  from  center  of  Impaot, 
in  feet.  i 


Tertioal. 


Horizontal. 


Abore. 


I      0.60  ! 


Below. 


Right 


Special  remarks  about  each  Are, 
each  as  effect  on  piece,  sound  of 
projectile  in  flight,  scattering  of 
nagments,  &c. 


0.78 


Left 

I      0.47 
0.81 


0.22 


0.10 
0.40 
0.05 


0.82 
0.06 


0.84 
0.21 
0.24 
0.79 


0.08 


1.07 

0.04 

0.42 

0.00 

Short. 

Short. 

0.33 

1.24 


1.91  I      &.83 


llS'i>14=0.28      1.82^14=0.18 


3.37 


6.74-4-14=0.48 


4.89 


0.97 

Short. 

0.82 


4.30 


8.78.*-14=0.63 


^      (  From  this  round  the  powder 


■s 

a 


5 

9i 


I- 


s 


Mean  vertical  deTiation  from  center  of  impact 0^48. 

M«aD  tMnisontal  deviation,  from  center  of  impact 0'.63. 

Mean  deviation  from  center  of  im  pact O'.  80. 


poi 
[he< 


charges  were  weighed  on 
scales  measuring^  grains, 
while  previonsiy  scales 
were  used  which  only  re- 
corded ^  oanc«. 


Height  of  bnllVeye  of  tar 
get  above  axis  of  trun- 
nion of  gun,  0.9  feet. 


i 

0 

« 

u 

b 

a 
t 

a 
9 

w 

1 


Time  of 
flight 

Second*. 
4ft 

4i 

4ft 

44 
44 

44 
44 


Bange. 


Tardt. 
1,471 

1,480 

1,467 

1,467 

1.494 

1,470 

1,475 


Deflec* 
tion. 


Tard». 
8  left 

8  left 

3  left. 
8  left. 
5  left. 

4  left. 
3|  left 


44 

1,493 

5   left 

44 

1,464 

21  left. 

44 

1,480 

8   left. 

.2  »s 

®  S 


Axis  of  gun  13.95  feet  above 
sea-leveL 
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Record  of  firing  with  HoUhkits  A2^millimeier  moimtain  gun  Ko,  64  d( 


hi 

«3 


C   I 


Time. 


JZ5 


Weight  of  onbic  foot 
of  air,  570.7. 

P.  M. — ^Barometer,  < 
30.184;  thermom- 
eter, 28.1;  hnmid- 
ity,  70. 


1886. 

56 Jan.  OO'l 

SQJan.  80 

57  Jan.  30 

58  Jan.  30 

59  Jan.  30 

60  Jan.  80 
eiJan.  80 

62  Jan.  80 

63  Jan.  30i 

64  Jan.  30 


Weight  of  cnbic  foot 
of  air,  567.5. 

P.  If .— B  a  r  o  mQt«r,  < 
29.916;   thermom 
eter,  25.1 ;  humid 
ity.  76. 


65  Feb.  3| 

66  Fob.  3 
67Feb.  3; 
68  Feb.  3 
60'Feb.  8 

i  70  Feb.  8' 

I  71  Feb.  3 

I      ' 

I  72  Fob.  3i 

73  Feb.  3 

I 

74'Feb.  3 

75  Feb.  3 

76  Feb.  3 
77|Feb.  3- 

78  Feb.  3 

79  Feb.  3 

80  Feb.  3 

81  Fob.  3 

82  Feb.  3 

83  Feb.  3 

84  Feb.  3 

85  Feb.  3 

86  Feb.  3 


3 

•g 

« 

1 

t§ 

1   • 

'  1 

0  d 

BJ 

e 

•e 

e 

.a 

,     « 

^ 

6 

1  - 
5i 

I 

9D 

1 

a 

^. 

8 

• 

54 

A 
2 

^ 

1 

© 

» 

54 

» 

•4* 

>i 

a 

1   1 

0 

H 

s 

Q 

5* 

:h 

1    1 
54 

154. 

H 

54 

1 

54 

1 

54 
.54. 
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Sttii^  B^k,  2i,  J, f  from  Jannarjf  31  to  February  20,  1885 — Continued. 


c 

3 

E 

1 

'  Deflection. 

1 

F 

* 

Tarda. 
16   left 

1 

s.m 

14   left 

n 

2,343 

18   left 

H 

2.361 

14  left 

i 

2.342 

13   left 

'tl 

S.S35 

11   left 

1 

2.SW 

n   left  , 

1 

1 

1352 

12  left  ' 

1 

2.367 

1 

10  left  1 

1 

1 

2.312, 

lOileft 

11 

LMt 

Lost 

n 

2.W2 

111  left 

Ut 

2.M9) 

12}  left 

11 

1383, 

12}  left 

11 

2,985 

14}  left 

"i 

2,396 

13}  left 

11 

1002 

13|  left 

iOI 

2.996 

13}  left 

11 

1,012 

16}  left 

11 

2.998 

15}  left  ' 

u 

2,9« 

15}  left 

14 

3.592 

13}  left 

L«t. 

LMt 

Loot 

m 

3,589 

17}  left 

131 

3,596 

9  left 

u 

3,6M 

14  left 

U 

3,614 

14}  left 

131 

1 
3,569 

12  left 

131 

3,567 

16}  left 

14 

3,626 

14}  left 

U 

?,626 

14}  left 

14 

1569 

12  left 

Special  remarke  abont  eaob  Are,  each  as  efliact  on  piece,  sonnd  of  prqjectlle 

in  flight,  scattering  of  ftagments,  Ue. 


I 


S 

O 

fa 

9  & 

«  a 
-I 

a 


o 
c 

"S 

m 


'  \ 


}  Axis  of  gnn,  13,33  feet  above  sea-level. 


<\ 


>  Axis  of  gan,  13.8  feet  above  sea-level. 


r 

I  ^ 


>■  Axis  of  gun.  14.55  feet  above  aea-level. 
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Record  of  firing  with  Hotehkis9  AZ-millimeter  mountain  gun  No.  64,  at\ 


A.  M. — Barometer, 
20.575 ;   thermom< 
eter,  37.4;  humid-' 
ity,  82. 


Powder. 


Time. 


O 

o 


I    18t5. 
87  Feb.     4 


Kind. 


Prqjectile. 


i 

^'Kind. 


Wt 


P.  M.  —  Barometer, 
29.440;  thermom- 
eter, 82;  hiunid- 
ity,  86. 


A.  M. — Barometer, 
80. 110 ;   thermom-  • 
eter,   21;    humid- "^ 
Ity,  76. 


P.  M.— Barometer, 
29.060;  thermom- 
eter. 10.0 ;  humid- 
ity, 68. 


88Feb.  4 

89  Feb.  4 

OOJFeb.  4 

91  Feb.  4 

92  Feb.  4 
93|Feb.  4 

&4Feb.     4 

i 
95  Feb.     4 

96jFeb  14 

97Feb.  14 

98'Feb.  14 

99  Feb.  14 

100  Feb.  14. 

101  Feb.  14 
1011  Feb.  14 
lOSiFeb.  14 

104  Feb.  19 

105  Feb.   19 
i   106.  Feb.   19 

107Feb.   19 

I  1 

l|108Feb.  19; 

I 
'  109  Feb.  20 


A.  K.  —Barometer, 
20. 953 ;   thermom- , 
eter,  14.8;  humid- 
ity, 67. 


110 
111 
112 
113 
114 
116 
116 
117 
118 


Feb.  20 

Feb.  20 

Feb.  20 

Feb.  20 

Feb.  20 

Feb.  20 

Feb.  20 

Feb.  20 

Feb.  20  J 


o 
'^ 

S 

0 

a 
i 


-s 

a 
« 


^ 
ti 


a 

e 

A< 

0 


< 


54 

5i 

I 

H 

54' 

I64i 

54 

I 
54 

,54 

154 

54; 
54 
'54 

54 

54 
54 
54 
54 
54 
54 
54 
54 
54 
54 
54 


9 
N 

0 

a 

a 

t 

OB 

mi 

M 

.ea 
o 

o 


15: 

I 
151 

15' 

15 

15' 

I 
I 

15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15, 
15 
15i 
15 
15 
15 
15 
15 
15 
15 
15 
15 
16 
15 
15 
15 
16. 


a 
o 

> 


M 


Fut. 


Fwt, 


Feel. 
13.00 


0 ! ;  12.50 


I 


a 

8 

8 

6 

0 

6 
12 
12 
12 
121 
121 

0: 

9 

9 

0 

0 

0. 

I 

si. 

I 
81 , 

I 
3 

6 

I 

6 

6. 
9, 

I 


»: 

12 

I 
12 

12 


13.00 
13.50 
14.00 
14.76 
15.00 
15.  00;  J 


a 

m 

JZ    • 

"Z  a 

eg 

a 


13.00  ^e^o'^ 


o  coo  a 


o 
«  . 

C  s 


>    19  55 


>    23  li 


> 


9  o 


1 


o 


J 


O 

a 


§< 


o 


13.00 
13.50 
13.50 
14.00 
14.00 

I  13.50 
13. 75 
13.75 
13. 75 
13.50 

'  13.50 
18. 6O1 
13.00 
12.60 
12.60 


& 


J:    >  22  Ml 


ga 
s 

•00 

p2..a 

*-  $ 

i 

8 

s 

C9 


I 


so  8 


15  51 


^  I  23  33' 


22  4S. 


19  40 


17  18 
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Book,  y,  J.,  from  January  21  to  February  20,  1885— Continued. 


^prciAl  remark*  about  each  fir«,  sach  a«  effect  on  piece,  sound  of  projectile  in  flight,  soatteiing  of 

fragment*,  &.g. 


Pmoi  rounds  1-415  g^n  was  flred  from  plank  walk. 


^ 
» 


i\ 


z  I 

^  I  Gun  fired  from  plaok  walk,  rounds  104-1 18. 


c 
e 


c 


I! 


PLATE  I. 


o€rrz// 


^ 


7 


,3^ 

A  POiNT  AiMtO  AT. 


(y^ut^^jst' ^  /^  y ^Lti^ 


ii 


App«Bdix  19— 18M. 


Ilblpev3  49l 


Appendix    14, 


TBIAL    OF  BASDED  Q-IKCE  PROJECTILES  (EXPERIMENTAL).     BY  THE 

ORDNANCE  BOARD. 

(7  plates.) 

Ttie  Chief  of  Ordnance  in  the  first  indorsement,  dated  December  8^ 
\SM,  on  Ordnance  Office  file  6555  of  1884,  directed  the  Ordnance  Board 
to  fire  certain  8inch  projectiles  sent  from  Watertowu  Arsenal. 

The  projectiles  (see  Plate)  were  in  six  lot^s  of  five  each.  The  lots  were 
marked  No.  1,  ^'o.  1  modified.  No.  3,  No.  3,  No.  4,  and  No.  6.  The  body 
of  the  shot  was  the  same  in  all,  bat  the  arrangement  of  the  bands  was 
difiVrt*nt  in  each  lot.  All  the  bands  were  beveled  front  and  rear.  No. 
K  No.  1  modified.  2,  and  3  had  single  bands  with  exterior  surfaces  which, 
inde])eudent  of  the  front  and  rear  bevel,  were  one  inch  wide. 

The  band  of  No.  1  eommenced  with  a  cylindrical  surface  0.4  inch 
wide,  8.14  inches  in  diameter,  and  ended  in  a  conic  frustum  0.6  inch  wide, 
baving  a  minimum  diameter  of  8.08  inches. 

The  band  of  No.  1  modified  had  a  fillet  0.15  inch  wide,  8.15  inches  in 
diavoetery  then  a  cylindrical  surface  0.85  inch  wide,  8.08  inches  in  di- 
ameter. 

lu  No.  2  the  surface  of  the  band  was  a  conic  frustum  with  maximum 
and  minimum  diameters  of  8.15  inches  and  8.08  inches. 

No.  3  had  a  cylindrical  band  1  inch  wide,  8.14  inches  in  diameter. 

No.  4  had  two  narrow  cylindrical  bands  0.32  inch  wide,  8.14  inches 
in  diameter. 

No.  5  had  two  broader  cylindrical  bands  0.5  inch  wide,  8.14  inches  in 
diameter. 

The  tiands  were  generally  inserted  in  un(ier-cnt  grooves  0.15  inch 
deep,  bat  in  one  or  more  projectiles  of  each  lot  the  grooves  were  0.10 
inch  deep. 

The  trial  of  these  projectiles  began  April  1, 1885.  One  of  each  lot, 
vith  a  shallow  groove,  was  fired  into  the  sand  butt.  The  position  of 
the  band  on  the  projectile  was  marked  before  firing,  so  that  if  during 
tiring  any  slipping  should  t'^ke  place  it  could  be  observed.  The  projec- 
tiles were  recovered  from  the  butt,  and  it  was  apparent  that  the  bands 
had  not  changed  their  position.  The  remainder  of  the  shot  were  fired  for 
accuracy,  and  the  results  are  given  in  the  inclosed  target  record.  The 
results  with  No.  1  and  No.  2  are  invalidated  to  some  extent  by  the  very 
variable  velocities  and  pressures  given  by  the  powder  used.  An  exam- 
ination showed  that  some  of  the  powder  had  been  damaged  by  long  stor- 
age.   Lots  3,  4,  and  6  were  fired  with  powder  obtained  by  mixing  the 

contents  of  seven  barrels  together,  and  the  results,  as  shown  by  compar- 

mg  the  velocities  and  pressures,  were  more  uniform.     The  principal 

influeaoe  of  variations  in  velocity  would  be  upon  the  mean  vertical  de- 
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viatioD  frointhe  center  of  impact,  and,  leaviug  this  out  of  consideration, 
the  record  shows  that  the  projectiles  marked  No.  4  and  No.  5  were  the 
best. 

Of  these  two  the  mean  horizontal  and  mean  absolute  deviations  were 
less  for  No.  5  than  for  No.  4.    On  the  other  hand,  with  the  same  angle 
of  elevation,  2^  25',  the  center  of  impact  was  about  7  feet  below  the  point 
aimed  at  with  No.  6,  while  it  was  6  inches  below  for  No.  4 ;  and  although 
the  bands  of  No.  5  were  broader,  and  more  resistance  might  have  been 
expected,  the  mean  pressures  and  velocities  were : 
For  No.  5,  mean  velocity  1,501)  feet,  mean  pressure  30,537  pounds. 
For  No.  4,  mean  velocity  1,525  feet,  mean  pressure  31,600  pounds. 
This  accounts  for  jthe  fact  that  the  center  of  impact  was  higher  for 
No.  4  than  for  No.  5. 

As,  however,  the  mean  horizontal  and  mean  absolute  deviation  were 
less  for  No.  6  than  for  No.  4  the  Board  would  state  that,  from  the  lim- 
ited experiments  carried  on  so  far,  it  has  come  to  the  conclusion  that 
the  projectile  marked  No.  6  is  superior  to  the  others,  and  that  the  shal- 
low groove  prevents  the  band  from  slipping  as  well  as  the  deeper  one. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance,  President  of  the  Board. 

GEO.  W.  McKKE, 

Major  of  Ordnance, 
CHARLES  SHALER, 

Captain  of  Ordnance, 


{ 


4625  OBD- 
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Record  of  firing  with  8-tfic/i  breech-loading  chambered  rifie  No.  I, 


P.  If. — Barometer, 
30.189;  thermom- 
eter, 57.9;  bnmid- 
ity,  42. 


13 
14 

15 
16 


A.  M.  — Barometer, 
30.379:   thermom- 
eter, 38.1;  hamid^^  ,  17 
ity,  70.  '  ^' 

18 

19 
21 
22 

23 

A.  If.  — Barometer, 
29.909;   thermom-j 
eter,  53.2;  hamid-"^ 
ity.  70. 


P.  M.~  Barometer, 
29.784;   thermom-. 
eter,  64.8;  hamid-'^ 
ity,  64. 


20 
24 
25 
26 


27 
28 
29 


Time. 


Apr.  1 
Apr.  1 

Apr.  2 
Apr.  2 
Apr.  2 
Apr.  2 

Apr.  3 
Apr.  3 
Apr.  3 
Apr.  3 


Apr.  3 
Apr.  3 
Apr.  8 
Apr.  3 


Apr.  3 
Apr.  8 
Apr.  3 


Powder. 


Projectile. 


Kind. 


E.  V.  F... 


?2 

§ 

A 

0 

i 

S 


-a 

a 
c 

P 

^^ 
a 
a 
o 

OS 

H 

« 
A 
m 
4a 

a 

o 

0 


4i 

6C 


LbM 
50 
50 

50 
50 
60 
50 

50 
50 
50 
50 


Kiud. 


50 
50 
50 
50 


50 
50 
50 


N0.I 


Lb9 


a 

o 

« 
> 


o  / 


"So.  l,mod- 
ified. 


No.  2. 
No.  3. 
No.  4. 


180     35 


180 

180 
181 
181 


N0.6 183 


N0.I 
N0.I. 
N0.I. 
N0.I 


181 
180 
180 
180 


No.  1,  mod- 
ified. 

No.  1,  mod- 
ified. 

No.  1,  mod- 
ified. 

No.  ], mod- 
ified. 


£ 


CO 


'£ 


Lbi. 


X  0 


II 


0  ^ 


J'etft.  JVtfl. 


a 
a 


^ 


86,000   1,593   4.67| 


35  32,050 

3530,700 

3531,0o0 

I 
3532,000 

3534.800 

2  3032,760 
2  2532,200; 


2  25 
2  25 


181 2  25 


181 
181 
181 


No.  2. 
No.  2. 
Na2. 


181 
180 
181 


2  25 
2  25 
2  25 


2  25 
2  25 
2  25 


28,800 
27,950 


1,523 

Lost 
1,523 
1,533 
1,534 

1.538 
1,587 
1,490 
1,480 


33.500 
30,125 
32,450 
31,000 


82,100 
22,800 
20,900 


1.534 
1,503 
1.514 
1.51$ 


4.83^ 

4.16 

4.25 
4.27 
4.16 

4.67 
4.42 
4.25 
4.25 


ML 

£=0-3 


} 


1.517 
1,318 
1.271 


4.58 
4.33 
4.33 
4.25 


18 

21 

16 

.  22  u 

♦a  .• 

9       5 
I       - 

I      I 


18 
20 
25 

27 


h 


o 

09 


.0 


I. 
s 
0 


4.25 
3.75 
3.62 


0 

S 

1 

a 

28 

B 

s 

u* 

30 

31 

I 
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•I  :l4»dg  HMfe,  N.  J.,  fnm  April  1  to  JpHl  7, 1885. 


DiMWM  bvB  oeBler  at  Urgat. 
ittmt. 

Dlrtwoe  from  «at<«of  tii.p««>t, 

Tertkal.            HorlumtaL 

j^Mtll.  InfllghC  K.tteriDg  of 

Abon.    Btlo*.  \  Blgbt.     Lsd. 

Abi>T>.    Balow.    Ught, 

u„. 

Find  ists  lud  (mil. 

«T>r<*l*T«>d. 

tM      

3.M 

0.00 

!.60 

fmdHrt. 

..U. 

l.M> 

1.«l 

0.00 

- 

1.S0 

8.10 

1 

...... 

1.00* 

1=0,  M 

i2.«e+ 

=0.00 

T.0O+ 

»«8.« 

«.u 

J.0O 

i.ia 

Z.OD 

»!! 

l.W   

l.U 

1.0* 

1 





iM     raa 

4.00+ 

=1.00 

..»l 

OLM 

l&SO 

10.  K 

LU«t=ll» 

12S2.K4 

=.u 

n.oo.r 

=6.W 

i  11 

i.m 

itw 

0.00 

..« 

1.33 

M;.J.d»>. 

t«r  oT  [mput,  S'. 
Ueu    baHionul   dgT<»tltni  fmin 


HMD  TurUcal  dsTlMlon 
trmn  eoDtcrof  Impaot,  3'.  13. 

U«D  horteoolsl  deTUtloQ 
from  canter  of  Impact,  V.IS. 

Ucaa  dsTlaUon  (Kiai  wnter 
of  ImpMt,  O'.IS. 
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Record  of  firing  toith  ^inck  breech-londing  chambered  rifie  Ko.  I,  at 


P.  M. — Barometer, 
30.256 ;    tbennom- 
eter,  49.5;  hnmid-' 
ity,  69. 


o 


30 


31 
32 
33 
34 


35 
36 
37 
38 


39 

40 
41 
42 
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C   p.   WINSLOfTS    NITRO-GLTCERINE    SHELLS,     BY   THE    ORDNANCE 

BOARD, 

(1  plate.) 

The  Chief  of  OrdDaoce,  in  a  letter  dated  January  8, 1885,  stated  that 
Mr.C.  P.  Winslow,  the  inventor  of  auitroglycerine  shell,  woald  call  upon 
tbe  Board  and  explain  the  device.  The  letter  farther  authorized  the 
Bottrd,  if  it  deemed  the  plan  feasible,  to  order  a  few  shells  at  the  ex- 
pense of  the  Department.  After  examination  it  was  concluded  that 
tbe  invention  possessed  sufficient  merit  to  warrant  a  trial,  and  Mr. 
WJDslow  was  requested  to  have  four  shells  made. 

Tbe  projectile  (see  plate)  is  formed,  like  a  Butler  shell,  with  an  ap- 
pendage resembling  a  cascabel.  The  neck  of  the  appendage,  to  which 
a  wrench  is  fitted,  is  hexagonal.  The  part  corresponding  to  the  knob  is 
a  cylinder  terminating  in  a  spherical  segment.  The  projectile  is  divided 
into  two  sections.  The  anterior  part  is  a  cylinder  with  an  ogival  head 
and  contains  a  cavity  in  which  the  ingredients  to  produce  an  explosive 
compound  are  contained.  This  section  terminates  at  the  rear  end  in  a 
screwed  tenon,  by  means  of  which  it  is  fastene<l  to  the  rear  section. 
The  rear  section  is  provided  with  a  cavity  intended  to  receive  a  cast- 
iron  plunger  and  a  charge  of  rifle-powder.  Near  the  base  of  the  pro- 
jectile is  a  circumferential  groove  in  which  time-fuze  composition  is 
driven.  This  groove  is  connected  with  the  rifle-powder  in  rear  of  the 
plunger.  An  axial  chamber  is  bored  in  the  plunger  and  contains  a 
small  charge  of  rifle-powder.  The  rear  of  this  chamber  is  closed  by  a 
screw-plug  containing  a  vent  filled  with  slow-burning  composition. 

Tbe  materials  used  for  producing  an  explosive  compound  are  glycer- 
ine and  concentrated  nitric  and  sulphuric  acids.  One-half  quart  of 
salphuric  acid  and  three  quarts  of  glycerine  were  mixed  in  one  vessel 
and  one  and  one-half  quarts  of  sulphuric  and  two  quarts  of  nitric  acid 
were  mixed  in  another.  A  portion  of  the  first  mixture  was  placed  in  a 
large  glass  jar,  while  a  small  jar  placed  within  the  first  was  filled  with 
a  portion  of  the  second  mixture.  The  liquid  contents  of  the  inner  jar, 
and  of  the  outer  jar  when  the  inner  one  is  inserted,  are  equal  in  quan- 
tity, hence  the  proportions  of  the  liquids  are,  sulphuric  acid,  2 ;  nitric 
acid,  2,  and  glycerine,  3.  The  usual  proportions,  when  nitro-glyceiine  is 
manufactured  by  the  ordinary  processes, are  about  as  follows:  Sulphuric 
acid,  6;  nitric  acid,  3;  glycerine,  1. 

The  jars  are  fastened  together  by  screw-caps  and  are  placed  within 
a  tin  cylinder,  open  at  both  ends,  which  fits  the  shell  cavity.  Stout 
cross-bars  traverse  the  o()en  ends  of  the  cylinder  and  the  exterior  glass 
vessel  is  fastened  to  the  bars  by  strong  bands,  which,  aided  by  rubber 
straps,  are  designed  to  prevent  the  rupture  of  the  jars  when  the  piece  is 
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fired.  This  niptare  is  intended  to  be  effected  in  the  following  manner: 
The  time-fuze  is  cut  at  any  point,  and  when  the  projectile  has^traversed 
a  certain  portion  of  it-s  trajectory  the  charge  of  rifle- powder  in  rear 
of  the  plunger  is  fired  and  the  plnnger  is  forced  violently  forward. 
This  breaks  the  bottles  and,  in  connection  with  the  rotation  of  the  shell 
and  the  broken  fragments,  causes  an  intimate  mixture  of  the  glycerine 
and  the  acids  with  formation  of  an  explosive  compound.  When  the 
projectile  strikes  a  resisting  object  the  shock  of  impact  should  cause 
the  explosion  of  the  compound  thus  formed,  or,  if  this  does  not  occar, 
then  the  charge  contained  in  the  axial  chamber  of  the  planger  will 
bring  about  the  explosion. 

The  trial  commenced  April  23,  1885,  when  a  shell  was  fired'over  the 
water  from  an  8inch  muzzle-loading  rifle  with  35  pounds  of  powder.  It 
could  not  be  ascertaini^d  whether  or  not  an  explosion  had  taken  place, 
for  from  the  fragments  that  struck  near  the  gun  it  appeared  probable 
that  the  projectile  had  been  broken  up  by  the  shock  of  discharge.  A 
second  round  was  fired  over  land  with  30  pounds  of  powder,  the  foze 
being  set  at  five  seconds.  The  shell  burst  in  the  air  in  two  and  one- 
half  seconds,  and  from  the  pecnliar  appearance  of  the  smoke  the  rup- 
ture was  regatded  as  due  to  the  explosion  of  a  substitution  compound. 
In  the  third  round  fired  with  a  30-pound  charge  over  the  water  no  ex- 
plosion took  place.  The  fourth  projectile  was  exploded  by  means  of 
an  electric  primer  in  an  iuclosure.  The  shell  broke  at  the  screw-thread 
into  two  pieces,  the  head  being  thrown  some  25  feet  out  of  the  inclosnre. 
The  bottom  was  forced  against  the  side  of  the  iuclosure. 

In  conclusion,  the  Board  would  report  that  the  acids  can  be  safely 
transported  to  any  point.  The  mixture  can  be  effected  without  danger, 
and  a  shell  arranged  to  contain  them  may  be  fired  from  a  gun  without 
injury  to  it.  With  the  mixture  used  an  explosive  compound  is  proba- 
bly formed,  although  the  proportions  of  the  ingredients  were  not  such 
as  to  give  the  best  results.  If  they  had  been,  and  if  the  greatest  pos- 
sible amount  of  nitro-glycerine  producible  by  the  ingredients  which 
the  shell  cavity  could  contain  were  formed,  it  is  not  thought  that  the 
effect  would  be  equal  to  that  resulting  with  an  ordinary  bursting  charge 
of  gunpowder. 

The  Board  would  therefore  recommend  that  no  further  trials  be  car- 
ried on  with  this  device  or  with  devices  closely  resembling  it  in  prin- 
ciple. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance^  President  of  the  Board, 

GEO.  W.  McKBB, 

Major  of  Ordnance. 
CHARLES  SHALER, 

Captain  of  Ordnance. 
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R^oord  of  finny  with  S-inck  muzzU-^loading  rifie^  No.7  (Brvecft 
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GJRRICK'S  MOSTAR  AND  PROJECTILE  FOR  HI  OH  EXPLOSIVES. 

BY  THE  ORDNANCE  BOARD. 

A  letter  from  the  Chief  of  Ordnance  dated  May  23, 1885,  directed  the 
Ordnance  Board  to  trv  Mr.  Garrick's  new  raortar  and  shell  at  as  earlj 
a  date  as  practicable,  and  report  the  result. 

On  May  26  Mr.  Garrick  delivered  the  letter  in  person  and  explained 
his  device  for  firing  gun-cotton,  Atlas  powd^,  dynamite,  blastiug-gela- 
tiDe,  nitro-glycerine,  singly  or  combined,  and  requested  that  if  there 
vas  any  substance  procurable  which  was  a  more  violent  explosive  than 
tbose  above  mentioned,  he  might  be  supplied  with  it.  He  stated  that 
be  bad  made  a  very  powerful  explosive  mixture  composed  of  nitro- 
glycerine and  charcoal  dust,  but  that  its  power  would  be  enhanced  by 
substituting  the  powdered  cinder  from  a  smith's  forge  for  the  charcoal. 

Tbe  piece  was  a  cast-iron  toy  mortar  with  a  cylindrical  chamber,  a 
bore  2^  inches  long  and  2  inches  in  diameter.  With  its  bed  it  weighed 
8.25  pounds.  The  teeth  of  a  wheel  fastened  to  the  left  trunnion  iuter- 
mesbed  with  those  of  two  small  pinions  fastened  to  the  mortar  bed,  one 
in  front  and  one  in  rear  of  the  trunnion  bed.  In  the  face  of  each  pinion 
a  slot  was  cut,  into  which  the  end  of  a  strong  lever  could  be  inserted. 
Movement  of  the  lever  caused  rotation  of  the  pinion,  and  in  accordance 
wiib  tbe  direction  of  this  rotation  the  piece  was  elevated  or  depressed. 
A  grip|)er  fastened  to  the  right  side  of  the  mortar  bed  could  be  closed 
by  a  lever,  and  when  closed  held  the  right  trunnion  firmly,  preventing 
any  cbange  in  theelevation  of  the  mortar  until  tbe  trunnion  was  released. 

Tbe  projectile  was  composed  of  an  outer  shell  with  a  hemispherical 
bottom,  cylindrical  sides,  and  a  flanged  mouth,  the  flange  being  wide 
enough  to  project  slightly  over  the  outside  of  the  mortar  when  the 
shell  was  in  place.  A  tiausom  was  bolted  to  the  flange,  and  supported 
aD  inner  spherical  shell  intended  to  contain  the  bursting  charge.  A 
tube  screwed  into  the  shell  passed  through  the  transom  and  was  so 
arranged  that  a  copper  cartridge  could  be  inserted  and  exploded  by 
percussion  or  by, a  piece  of  quick-match.  The  inventor  stated  that 
the  flange,  by  presenting  a  large  surface  for  the  action  of  the  powder 
gases,  would  greatly  increase  the  range,  and  that,  furthermore,  it  would 
divert  the  inflamed  gases  and  prevent  the  ignition  of  the  fuze  or  the 
high  explosive  placed  in  the  inner  shell.  The  outer  shell  could  be  filled 
with  water,  which  would  diminish  the  shock  of  firing  upon  the  bursting 
charge.  The  inventor  further  requested  that  cyliudroconoidal  shells, 
charged  with  gun-cotton  and  his  mixture  of  nitro  glycerine  and  charcoal 
dost,  might  be  fired  from  a  musket  barrel  provided  by  him  ;  which  re- 
quest the  Board  acceded  to. 

Tbe  trial  began  May  28, 1885,  and  the  results  are  shown  in  the  in- 
closed firing  record. 
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The  conelusion  of  the  Board  is  that  any  high  explosive  in  the  market 
could  be  fired  with  Mr.  Garrick's  small  mortar  aod  shell ;  that  where 
such  small  firing  and  bursting  charges  are  ased  they  could  be  fired 
from  his  mortar  with  an  ordinary  shell ;  that  Mr.  Garrick's  device  ih 
absurd,  and  to  experiment  with  it  any  further  would  be  ridicaioos. 
The  Board  deems  it  its  duty  to  remark  that  Mr.  Garrick's  ignorance  of 
explosives  and  his  carelessness  in  handling  them  are  such  that  he  should 
under  no  circumstances  be  permitted  to  experiment  further  at  the  prov- 
ing ground,  lest  he  may  injure  the  Government  employes  or  destroy 
Government  property. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance^  President  of  the  Board. 

GEO.  W.  McKEE, 

Major  of  Ordnance. 
CHARLES  SHALER, 

Captain  of  Ordnance. 
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Appendix  1  7. 


TRIAL  OF  SHELLS  CHdRGED  WITH  EXPLOSIVE  GELA  TINE.    BY  THE  ORD 

NA2HCE  BOARD. 

(1  plate.) 

In  its  progress  report  on  explosive  gelatine  (Appendix  19,  Report  of 
the  Chief  of  Ordnance,  1884)  the  Ordnance  Board  stated  that  the  tnals 
of  the  gelatine  in  8-inch  cast-iron  screw  shells  "were  suflBciently  success* 
ful  to  warrant  the  Board  in  suggesting  six  steel  shells  to  be  made." 
The  suggestion  having  been  approved,  the  shells  were  made  at  the  Mid- 
vale  Steel  Works,  and  afterward  machined  at  Sandy  Hook  and  the 
West  Point  Foundry.  Three  of  them  were  cast,  and  three  forged.  The 
ultimate  tenacity  of  the  cast  was  122,398  pounds,  and  of  the  forged 
150,066  pounds  per  square  inch,  respectively.  The  interior  cavit3'  was 
the  same  for  all,  being  a  cylinder  terminated  ogivally  (as  shown  in 
plate),  it  being  believed  that  this  shape  would  give  greater  strength 
and  penetration  to  the  shells.  The  shells  opened  at  the  rear,  and  were 
closed  by  a  base-screw. 

In  order  to  test  the  working  of  the  projectiles  as  regards  flight  and 
penetration,  one  forged  shell  was  fired  with  a  charge  of  36  pounds  of 
E.  y.  M.  powder,  this  being  the  reduced  charge  for  304^  feet  as  com- 
pared with  40  pounds  at  1,000  yards.  The  shell  was  filled  with  sea  sand, 
and  upon  being  fired  failed  to  take  the  grooves ;  struck  the  iron  target 
«idewise  and  broke  up.  It  was  then  decided  to  fire  another  forged  shell 
filled  with  sand,  using  40  pounds  of  i)Owder  (E.  V.  M.).  This  shell  struck 
the  target,  point  on,  penetrated  9 J  inches,  and  rebounded  about  12  feet. 
It  was  distorted  hut  slightly  (being  bulged  out  circumferentially  n^ar 
Junction  of  c^iider  and  ogival  head),  and,  with  slight  tuniing,  could  be 
used  again.  On  taking  out  the  base-screw  the  contained  sand  was  fouud 
to  be  triturated  by  the  shock  into  a  powder  as  impalpable  as  ordinary 
wheat  flour.    No  powder-gas  had  entered. 

The  third  forged  shell  was  then  loaded  with  five  pounds  of  gelatine- 
all  it  could  contain.  It  was  fitted  with  a  copper  diaphragm,  two  plates 
at  right  angles,  previously  described.  A  small  amount  of  cotton  waste 
was  ))laced  in  front  and  rear  of  the  gelatine.  The  latter  was  packed  ia 
tightly. 

The  gelatine  was  from  the  same  lot  hitherto  used  at  Sandy  Hook,  and 
had  been  on  hand  for  16  months.  So  far  as  could  be  observed  it  bad 
undergone  no  change  whatever.  Two  of  the  cartridges  appeared  to  the 
touch  slightly  softer  than  the  others,  but  it  is  believed  they  were  as 
sound  as  the  rest. 

The  base  screw  had  its  thread  well  covered  with  red  lead  paint  before 
being  securely  screwed  in  with  a  lever,  and  there  seems  to  be  no  possi- 
bility of  any  gas  having  entered  the  shell. 
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The  8-incli  matilated  gun,  previously  used  in  these  experiments,  hav- 
ing been  charged  with  40  pounds  E,  Y.  M.  powder  and  the  gelatine 
gbell,  was  fired  and  burst  ezpl^osively  with  great  violence. 

Whether  or  not  this  gelatine  had  undergone  any  change,  &ince  the 
previous  trials  with  it  is,  of  course,  unknown  to  the  Board ;  but  even 
if  such  should  prove  to  be  the  case,  the  want  of  uniformity  in  its  action, 
a8  evinced  by  this  explosion,  warrants  the  Board  in  recommending  no 
farther  trials  with  it  under  its  present  form.  Possibly  when  camphor- 
ated by  competent  manufacturers  this  explosive  may  be  made  uniform 
Id  its  action. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance^  President  of  the  Bdard. 

GEO.  W.  MoKEB, 

Major  of  Ordnance. 
CHARLES  SHALER, 

Captain  of  Ordnanbe. 
4625  ORD 8 


BEPOBT  OF  THE  CHIEF  OF  OBDNAMCE. 


i 
1 

3 

1 

S 

1 

i 

imHiMiiwi!  Ill"  1 

1131113  =  pUmftt      T-^n 

siffi|ii1  fil^ill  irii    -til 

11  ll  III  p  l^iWilit  ^rllt    I 

iiiHiiitiiiiii  ifti!  1 

TinSoiojjj(i»j|»oB5i™i              -nnSnioijiaajwttowaiPlU 

! 

pn.  qd<uu).  '-pojA 

••nxtSB     dB  iqMl?  ^  way  ™»ii   S    -eCT-JSaH^maiaajj    | 

^s^-^isrs-Ei 

1     i                    i                  j 

■  \ 

^"a^SS^ 

1                    1                  ] 

i 

TBB»iaia 

-     .                    *                  . 

i' 

! 

■mspji. 

^     -  ;-                        i  I  :                 ;    :  i  i 

1 

1 

^     S-S                      g-S                3  -S- 

1 

If 

i  1 

liii     ' 

1 

1 

■UlLH 

JS 

0& 

1 

-St-aoBWinawaiMli'ftpiiIBp  iR "A  H  r™*"""!  MOOJ  "0 

1 

.3                        a                      s 

-1            1           1 

1 

-a.BJo.Wuns|        S                                          §                                      S                            | 

li  ' 

'  lit          i 

Appendix    18. 


JBIAL  OF  THE  OJSDNEB  MACHINE  GUNSy  ONE,  TWO,  AND  FIVE  BAB' 

BEL,    BY  THE  OBDNANCE  BOABD, 

(4  plates.) 

The  Chief  of  Ordnance,  in  an  indorsement  dated  December  8, 1884, 
on  Ordnance  Office  file  No.  6603  of  1884,  directed  the  Board  to  test 
any  of  the  gnns  of  the  Gardner  Can  Company,  of  Cleveland,  Ohio, 
which  might  be  presented  for  trial. 

The  gnns,  three  in  number,  were  of  the  one,  two,  and  five  barrel  pat- 
terns. As  certain  changes,  hereinafter  referred  to,  will  have  to  be 
made  in  these  guns  before  they  can  be  considered  as  tested  under  serv- 
ice conditions,  the  Board  submits,  instead  of  the  usual  drawings  and 
descriptions,  an  illustrated  pamphlet  issued  by  the  Gardner  Gun  Com- 
pany. This  pamphlet  was  inclosure  No.  1  of  Ordnance  Office  file  No. 
6603  of  1884,  is  hereunto  appended,  and  marked  A. 

The  exi)eriments  began  May  28, 1886,  by  the  firing  of  the  one-barrel 
gun,  which  was  followed  on  the  same  day  by  that  of  the  two  and  five 
barrel  guns.  Owing  to  the  form  of  chamber  it  was  necessary  to  use 
Winchester  ammunition  with  the  405-grain  bullet.  The  service  ammu- 
nition carries  the  500-grain  bullet,  which  could  not  be  fired  from  the 
gun  as  at  first  presented,  and  it  was  concluded,  after  correspondence 
with  the  Chief  of  Ordnance,  to  request  the  Gardner  Gun  Company  to 
modify  the  two  and  five  barrel  guns  so  that  they  would  receive  the 
service  ammunition.  This  request  was  acceded  to;  the  guns  were 
removed  for  alteration.  It  was  not  considered  desirable  to  test  the 
one-barrel  gun,  a«  in  the  opinion  of  the  Board  there  does  not  at  present 
exist  any  reason  for  its  adoption  in  our  service. 

The  guns,  after  modification,  were  received  back,  and  a  second  series 
of  trials  commenced  on  July  24, 1885. 

The  following  programme  for  the  trial  was  adopted : 

(1)  Dismount  the  gun,  separating  it  into  its  elementary  parts,  and 
assemble  it.    This  to  be  done  by  an  expert,  and  time  noted. 

(2)  Fire  deliberately  600  rounds  into  a  sand  butt,  determining  veloci- 
ties and  action  of  the  gun. 

(3)  Eapidity  by  an  expert,  600  rounds. 

(4)  Bapidity  by  a  non- expert,  600  rounds. 
Accuracy  of  gun  and  sights  at  various  distances : 

(5)  600  at  500  yards ;  size  of  target  11  by  26  feet. 

(6)  500  at  l,00a  yards ;  size  of  target  11  by  26  feet. 

(7)  500  at  1  mile ;  size  of  target  11  by  62  feet. 

This  programme  was  not  entirely  carried  out.  The  dismounting  and 
assembling  of  the  gun  and  the  firing  at  3 -mile  range  were  omitted. 

It  will  be  observed  from  the  firing  records  of  July  24  and  26  (which 
are  inclosed)  that  the  number  of  misfires  with  the  service  ammunition 
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"was  very  great,  and  that  the  cartridges  which  failed  in  the  machine 
guns  all  exploded  subsequently  when  tried  in  the  Springfield  rifle. 
The  fault  is  not  therefore  attributable  to  the  ammunition,  and  mast  be 
due  either  to  weakness  in  the  firing-spring  or  to  the  fact  that  the  firing. 
pin  is  too  short.  In  the  opinion  of  the  Board,  the  latter  is  most  prob- 
ably the  cause. 

The  long  feed-guide  peculiar  to  the  two-barrel  gun  required  that  the 
ordinary  package  containing  twenty  cartridges  should  be  broken  open, 
that  the  cartridges  should  be  removed,  and  that  thej'^  should  be  re- 
^  packed  into  a  feed-case.  The  violent  vibration  of  the  feed-guide,  due 
to  the  firing  of  the  gun,  makes  it  very  difficult  for  an  inexperienced 
man  to  feed  the  cartridges  from' the  case.  These  defects  do  not  exist 
in  the  Pratt  &  Whitney  gun,  and  it  is  thought  that  if  practicable  they 
should  be  remedied,  as  repacking  the  cartridges  should  be  made  as 
simple  as  possible,  and  a  shorter  guide  would  diminish  the  vibration. 

The  guide  is  much  shorter  in  the  five-barrel  guh,  and  of  course  with  it 
,  the  repacking  of  the  cartridges  is  a  necessity.  These  guns,  further- 
more, are  mounted  on  tripods,  a  form  of  mounting  that  will  only  be 
used  in  permanent  works.  Other  machine  guns  intended  to  re  enforce 
infantry  fire  heretofore  tested  at  Sandy  Hook  have  been  furnished 
with  suitable  carriages,  and  they  should  be  tested  in  connection  with 
the  gun. 

Except  for  the  failures  to  explode  the  cartridges,  the  mechanism  of 
the  guns  worked  very  satisfactorily.  The  target  record  during  delib- 
erate firing  was  very  good.  The  vibration  of  the  stands  during  rapid 
firing  caused  the  guns  to  change  direction. 

In  conclusion,  the  Board  would  state  that  owing  to  defects  in  the 
locks,  which  can  be  remedied,  to  the  length  of  the  feed-guide,  which  can 
be  modified,  and  to  vibrations  in  the  mounting,  which  should  be  changed 
for  a  more  suitable  one,  it  is  not  considered  that  these  guns  have  as  yet 
been  given  a  fair  service  test ;  and,  further,  unless  these  changes  are 
made,  it  is  not  considered  for  the  interest  of  the  Government  to  con- 
tinue the  tests  any  further. 

The  illustrated  pamphlet  above  referred  to,  the  complete  firing 
records,  and  the  plotted  targets  are  inclosed  herewith. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance^  President  of  the  Board. 

GEO-  W.  MoKEE, 

Major  of  Ordnance, 
OHAELES  SHALEB, 
Captain  of  Ordnance. 
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Record  of  firing  ^oith  Gardner  2-harreled  machine  gun,  caliber 


m 

Time. 

1 

' 

ll 

i 

1886. 

Ammunition. 

3B 

sa 

Wind,    strength  and 
directioa. 

1 
g 

1 

1 

6| 
1^ 

S 

"A 

^ 

FuL 

* 

A.   H.  —  Barometer,     ^ 
30,040;    thermome-    « 
ter,73.8;humldity,i^' 
49.                                 > 

100 
2 

May.. 
May.. 

28 
28 

Winchester  ammnni- 
tion;  405-grain  bul- 
let. 

500-grain  serylce  car- 
tridgew 

From  rear  and  left, 
>    480,  20   miles   aa< 
hour. 

July- 

24 

Lost 

July.. 

24 

Lost. 

▲.K.~Barometer,  30.023; 

July.. 

24 

Lost 

thermometer,  80.6;  hn- 
mldity.ee.                      \ 

July.. 

24 

Lost 

July.. 

24 

Lost. 

From      fhmt     and    ' 

July.. 

24 

Lost 

\    right  3<>,  28  miles  ^ 
an  hour. 

July.. 

24 

1231 

1 

July.. 

24 

Frankford  ammnni- 
>     tion;      600-grain< 

1242 

' 

500 

July.. 

24 

bullet.                 , 

P.  H.~Barometer,  80.048; 

490 

July.. 

24 

thermometer,  80.8;  hii-< 

midity.OS. 

492 

July.. 

24 

A.M.— Barometer,2Q.921 ;  1 

3 

July.. 

25 

X 

, 

thermometer,  80.8 ;  ha-  > 
midity,85.                       J 

600 

July.. 

25 

From     fhmt    »nd 
\    Tight  480,  Smiles^ 

P.  M.~Barometer,20.848; 

8 

July.. 

25 

an  hour. 

thermometer,  80.3;  hn-  > 
mldity,82. 

600 

July.. 

25 

3 

« 

• 

% 
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<K'.45,  At  8mndg  Book,  N.  J.,Jr<m  May  28  to  July  25,  1885. ' 


Spwiri  TCBftrks  a^at  Moh  flre^  snob  m  «fleot  on  pieoe,  sonnd  of  prqIeotUe  in  flighty  softttering  of 

itegmenta,  fto. 


LmIb  wm  remoTod  by  rvpreoaatetlTV  of  the  oompanv  in  29  seconds;  end  with  the  eestatence  of  Mr. 

SiaclBlr  the  Temeining  working  parts  were  remoTed.    The  parts  were  then  assembled  by  both  of 

them  in  •  minntee  40  seconds. 
Thed  deliberately  into  bntt;  S  cartridges  were  ejected  nnexploded,  two  of  which  were  fired  tOi  the 

second  attempt;   the  third   failing  again,  but  being  subsequently  fired  in  a  Springfield  rifie. 

There  waa  a  marked  vibration  to  firing  stand  during  firing. 


Too  long  to  be  fed  from  the  feed-case:  the  cartridge  was  inserted  by  hand,  fired,  and  ejected,  but 
a  ascend  one  jammed  before  firing,  and  was  remoTM  with  difficulty. 

The  gun  had  beon  returned  to  CleTcland  to  be  adapted  to  the  service  SOO-grain  ammunition.    No  feed- 
for  thia  ammunition  accompanied  the  gun  on  Its  return. 


Find  deliberat^y  into  saod  butt  by  representatiye  of  compaoy ;  11  failed  to  explode ;  6  fired  on  seo- 

oad  attempt, 
fired  for  Tepidity  into  sand  butt  by  representative  of  company ;  50  failed  to  explode;  29  fired  on  seo- 

ond  attempt.    Time,  1  minute  and  40|  seconds. 
Tired  lor  rapidity  into  sand  butt  by  ropresentatiTC  of  company.    After  4  rounds  had  been  fired  a  Jam 

eecarred,  which  necessitated  the  removal  of  the  upper  casing  of  gun  and  a  cartridge  case.    Tune, 

1  mioute  56|  seconds ;  47  failed  to  explode;  39  fired  on  Becondattempt. 

Sighting  shots  at  600-yard  target 

(Tlrsd  in  lota  of  60  each.)    Fired  at  600-yard  target;  400  hits  on  target;  87  failed  to  explode,  l^f 
which  fired  on  second  attempt,  and  the  remainder  from  a  Springfield  rifle. 

Eigbtiag  shots  at  1,000-yard  target. 

(Fired  in  lots  of  50  each.)    Fired  at  1,000-yard  target;  290  hits  on  targp<t;  40  failed  to  explode,  10  of 

which  fired  on  second  attempt^  and  the  remainderlrom  a  Springfield  ride. 
Oecasional,  but  slight,  changee  in  aim  occurred  during  deliberate  firing,  but  in  rapid  firing  the  changes 
k  were  very  great. 
The  feed-cases  not  being  adapted  to  the  600-grain  bullet,  the  vibration  of  the  gun  was  such  during 

rapid  firing  that  aome  of  the  cartridges  were  dropped  in  feeding,  which  at  best  was  a  diffloolt  opera- 

tioa. 
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Record  of  firing  with  Gardner  b-harreUd  machine  gun,  oaZt(er  0".45,  ai 


A.   M.  —  Btfometer,  ( t;; ' 
30. 040 ;    thenoome*  J  « 

ter,  73.8;  hninidity,  I'd 
49.  '   [>} 


i 

O 

I 
S 


A.H.— Barometer,  80.023; 
thermometer,  80.0;  hn-i 
midity,  06. 


P.M 


A.H.— Barometer,  20.921;  ^ 
thermometer,  80.8;  ha- 
midlty,  86. 


100 

1 

1 

1 

1 

1 

1 

1 

250 

260 

88 

249 

250 

• 

250 
260 


0 

500 

0 

600 


Time. 


1886. 


g 


May 

July. 

July. 

July. 

July. 

July. 

July. 

July. 

July. 

July. 

July. 

July. 

July 

July 

July, 

July. 
July 
July. 
July. 


8? 


28 

24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 
24 


25 
25 
25 
25 


Ammupitton. 


i  Winchester  ammu-) 
nition,  405-erain  > 
bullet.  5 


Frankford     ammu 
>    nition,   600 -grains 
bullet 


■83 

11 

4 


s 


Feet, 


Lost. 
Lost 
1207 
Lost 
Lost 
1279 
1288 


Wind,    atrengtli 
directticm. 


(From  rear  and  left) 
480.  20  milM  anS 
hour.  ) 


From  front  and 
right  30,  26  milea 
an  hour. 


From     front     and 
}    right  480,  6  miles 
an  hour. 
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S€ni§  Hook,  N.  J.,  fnm  May  28  to  July  25, 1885. —Continued. 


Spedal  xvmarks  aboat  each  Are,  suoh  m  effeot  <m  piece,  sound  of  projectile  in  flight,  scattering  of 

Aragmente,  &c. 


flrtd  daliberatelT  down  beach  without  fiJIores. 

There  was  a  marked  yibraiion  to  flring-eti^d  during  firing. 

TU»  gun  had  been  returned  to  CleTeland  to  be  adapted  to  the  aerriee  500-grain  ammnnltion«    Only 

foar  feed-caees,  containing  60  cartridges  each,  for  this  ammnnition  accompanied  the  gnn  on  ita 

retora. 


Fired  ddfberately  into  sand  butt ;  6  Ihiled  to  explode,  2  of  which  were  fired  on  second  attempt. 

fired  deliberately  into  sand  butt  i  18  iUled  to  explode,  6  of  which  were  fired  on  second  attempt. 

fired  fior  rapidity  into  sand  batt  i  2  fjsiled;  stoppage  occnrred.  1 

find  for  rapidity  into  sand  bntt  by  repreeentatiTe  of  company.    Time,  81  sec-  p^'  ^nd^ai^ 

find  ^r  raoidity  into  sand  butt  by  repreeentatiTe  of  company.    Time,  28  sec- 1     tempt. 

Rred  for  rapidity  into  sand  batt  by  Mr.  Sinclair.    Time,  26|  seconds ;  4  fiidled.  1  ^^^  ^6  •  7  fkiledon 

nred  far  rapidity  into  sand  bntt  by  Hr.  Sinclair.    Time.  2<%  seconds;  11  fafled. )    M^^nd  attempt 

Of  ail  the  misfires  from  the  8  and  6*barreled  gnns  on  Joly  24, 1885,  only  one  failed  when  fixed  from  a 
Springfield  rifle. 

tSgkting  shots  at  SOO-yaid  target. 

(Fired  mloU  of  50  each.)    fired  at  600-yard  target :  808  hits  on  tarset ;  80  fidled  to  explode.  19  of  which 

vere  fired  on  second  attempt,  and  the  remainder  from  a  Springfield  rifia. 
Sighting  shota  at  1,000-yard  target. 

(Fired in  loto  of  50  each.)    Fired  at  1,000-yaid  target:  248  hits  on  target;  88  fdled  to  explode,  17  of 
which  were  fired  on  seoond  attempt  end  the  remainaer  trom  Springfield  rifle. 

Oeessiottsl  bat  alight  changes  in  atm  occnrred  daring  deliberate  firing,  bat  in  rapid  fixing  the  changes 
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PRELIMINARY    TRIAL    OF  THE  12- INCH   MUZZLE  -  LOADING    RIFLED 

MORTAR,    BY  THE  ORDNANCE  BOARD. 

(1  plate.) 

On  December  3, 1884,  the  following  commanication,  addressed  by  the 
Cliief  of  Ordnance  to  the  commanding  ofiBcer,  New  York  arsenal,  was 
referred  to  the  Ordnance  Board : 

CADtAin  Lyie  reports  having  applied  for  transportation  of  the  12-inch  mnzzle-load- 
iog  rifled  mortar  to  Sandy  Hook.  When  the  mortar  is  received,  it  is  requested  that 
it  may  be  mounted  on  its  carriage  and  pat  in  readiness  for  trial.  Before  being  tamed 
orer  to  the  Board  for  Testing  Guns,  you  will  please  have  it  fired  to  the  extent  of  the 
somber  of  projectiles  that  have  been  furnished  you.  The  object  of  these  preliminary 
firings  is  to  determine  upon  a  suitable  powder  for  the  piece,  to  ascertain  if  the  dimen- 
lions  of  the  sabot  are  suitable,  and  if  the  thickness  of  the  wall  of  the  shell  is  suffi- 
cient, and  incidentally  to  test  the  general  working  of  the  carriage.  The  maximum 
charge  will  be  provisionally  52  pounds,  and  the  shell  will  be  ballasted  by  filling  with 
sand  or  other  material,  to  bring  up  the  weight  to  610  pounds. 

Under  these  conditions  it  is  desired  to  obtain  a  muzzle  velocity  of  975  feet,  without 
exceeding  a  pressure  of  12  tons  per  square  inch  in  the  bore.  To  test  the  sabot  fully, 
charges  ffiving  velocities  of  about  525  feet,  or  at  least  675  feet,  should  be  tried,  using  a 

Snicker  onming  powder  if  necessary.  It  may  be  possible,  and  it  is  certainly  very 
estrable,  that  the  different  velocities  be  all  obtained  with  the  same  kind  of  powder, 
by  using  for  the  lower  velocities  a  relatively  larger  charge  than  with  the  quicker 
powder.  The  limited  number  of  rounds — 15— no  w  to  be  fired  may,  however,  preclude 
the  detennination  of  this  question  at  present, 

•  •••••• 

The  mortar  which  it  is  assamed  has  been  described  by  the  inspect- 
ing officer  at  Soath  Boston  Foundry  was  not  received  antil  March  12, 
1885. 

The  projectiles  were  all  supplied  with  the  Eureka  sabot  (see  Plate  I). 
By  changing  the  radius  of  the  curved  part  of  the  posterior  face  of  the. 
sabot  its  sensitiveness  may  be  varied. 

The  powder  for  the  trials  was  the  subject  of  experiment,  as  it  was 
desirable  to  obtain  such  a  mixture  as  would  give  the  projectile  a  regu- 
lar motion  when  fired  with  charges  of  about  25  pounds,  and  would 
when  used  in  50-|)ound  charges  not  exceed  the  prescribed  maximum 
pressures. 

If  no  single  powder  could  be  obtained  suitable  for  firing  full  and 
diminished  charges,  then  two  difierent  kinds  would  have  to  be 
adopted. 

The  experiments  were  commenced  on  March  19, 1885,  and  are  de- 
tailed in  the  accompanying  firing  record.  The  rounds  from  1  to  14 
were  fired  with  various  powders  on  hand  at  the  proving  ground,  with 
a  view  to  ascertaining  what  quality- of  powder  would  be  desirable  for 
the  endurance  test  of  the  piece.  As  a  result,  it  was  determined  that 
two  kinds  of  hexagonal  powder,  M.W.  (density  1.725,  granulation  72) 
and  M.y.  (density  1.700,  granulation  72),  should  be  asked  for.    The 
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latter  was  to  be  used  for  reduced  charges  only.  The  M.W.  powder,  the 
denser  of  the  two^  it  was  supposed  might  answer  for  reduced  charges 
and  maximum  charges  of  48  pounds.  All  the  shots  fired  with  48-poQDd 
charges  of  M.W.  powder  gavQ  good  results.  The  mean  pressure  of 
three  rounds  was  30,660  pounds;  the  velocity  at  90  feet  from  the 
muzzle  was  970  feet. 

All  the  shots  fired  with  25-pound  charges  of  M.W.  potrder  gave 
good  results ;  but  when  a  charge  of  26  pounds  [round  33]  was  firedHhe 
projectile  tumbled.  The  indications,  however,  were  that  with  a  suita- 
ble sabot  this  powder  might  be  used  for  full  and  reduced  charges.  All 
tbe  shots  fired  with  25  pounds  of  M.Y.  powder  gave  good  results. 

The  mean  pressure  of  six  rounds  was  10,721  pounds ;  the  velocity 
was  646  feet  at  about  90  feet  from  the  muzzle.  This  indicated  that,  it 
a  special  powder  was  required  for  reduced  charges,  the  M.Y.  type 
would  be  suitable. 

By  directions  of  the  Chief  of  Ordnance,  the  mortar  wa^,  on  July  9, 
1885,  turned  over  to  the  Testing  Board  convened  in  accordance  with 
the  act  of  Congress  approved  July  5, 1884. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance^  President  of  Board, 

GEO.  W.  McKEE, 

Major  of  Ordnance. 
OHABLES  SHALEB, 

Captain  of  Ordnance, 
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Beeord  of  firing  toiih  12-iftcft  muzzle-loading  rifled  mortar 


Powder. 

Prqjectile. 
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P.  M.— Barometer, 
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gauge. 

29.691 ;  hnniidity,  ^' 
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5  &*^ 

25 

Eoreka  shell. 
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—10* 

5,000 

500 

5.00 

66;  thermometer, 
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p.cQ  U) 

25 

Eureka  shell. 

610 

—10' 

7,000 

653 

5.35 
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aiSaadg  H^ok,  N.  J.,  from  March  19  io  June  26,  1885. 
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Star  ganged: 
Plred  into  Mod  Imtt 
IneyliDder. 


Fifteen  gallons  oil 


Fired  into  aand  butt    Sixteen  gallone  oil 
inoyllnder. 


Fired  into  aand  bntt 


Fired  into  land  bati. 


J  I 


Fired  into  sand  butt 


Fired  into  sand  butt 


Fired  into  sand  batt.    Mortar  etSur  ganged 
(two  warning  charges  fired). 


Sabot  recovered  with  marks  ol 
rifling  weU  defined.  Shell  left 
the  sand  bntt  without  break' 
ing. 


Sabot  stripped  and  did  not  tako 
grooves  weU. 


Shell  recovered.    Sabot  did  not 
take  grooves  welL 


Sabot  recovered.    Showine  well- 
defined  marks  of  the  rifling. 


Sabot  recovered.    Showing  well 
defined  marks  of  the  rifling. 
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B^ootA  <tf  fling  wUh  l2-ijuA  iKiuah-Imiding  rifled  nmivr  at  Sanif  ' 
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B»<)k,  if.  J.,  from  Mareh  19  to  Jimi«  26,  1B85— Continued. 


1 


«« d 

1-0 

a 


Fired  Into  M&d  Unit. 


9 


Good  flight.   To 


Good  flight.    To 


ft:'. 


I   > 


Good  flight 


Tnmhled 


Fired  into  sand  hatt. 


Time  of  flight  7}  seconds. 


Time  of  flight  10)  seoonds. 


Good  flight .   To  sea.    Time  of  flight  28)  seconds. 


Density  of  loading  for  26  pounds 

of  powder,  0.411. 
Density  of  losiding  for  35  poonds 

of  powder,  0.575. 
Density  of  loading  for  40  pounds 

of  powder,  0.658. 
Density  of  loading  for  50  poonds 

of  powder,  0.828. 
Density  of  loading  for  52  pounds 

of  powder,  0.856. 


Fired  to  sea.    Time  of  flight,  28  seconds 


Fired  to  sea.    Time  of  flight,  18)  seoonds . . 


1 


Bangt  iyArd»), 
7,064 

4,764 


4025  OBD ^9 
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Record  of  firing  with  12-tncA  mtuszle-loading  rifled  mortar  al  8andf 
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Book,  JSr.  J.^fram  March  19  to  June  26,  1885— Continaed. 
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Good  flight 
TttmUed  .. 
Good  flight 
Good  flight 
Tmnblod  .. 
Tumbled  ... 

Good  flight 
Tumbled  ... 
Tumbled  .. 


Fired  over  water.    Time  of  flight,  17)  seeonds. 


Fired  orer  water.    Time  of  flight,  16i  seconds 


Fired  over  water.    Time  of  flight,  17^  seconds 


Good  flight 


Good  flight 


Good  flight 


Good  flight 


Fired  over  water.    Time  of  flight,  27^  seconds. 


Fired  over  water.    Time  of  flight,  17|  seconds. 


Fired  over  water.    Time  of  flight,  15  seconds. 


Fired  over  water.    Time  of  flight,  27|  seconds. 


Fired  over  water.    Time  of  flight,  16  seconds. 


Fired  over  water.    Time  of  flight,  14  seconds. 


Fired  into  sand  bntt  to  try  powder. 


Fired  Into  sand  butt  to  try  powder. 


Fired  into  sand  bntt  to  try  powder. 


Fired  over  water  for  range.    Time  of  flight,  19|  seconds. 


Fired  over  water  for  range.    Time  of  flight-^  19|  seconds. 


Fired  over  water  for  range.    Time  of  flight,  27{  seconds . 


Firsd  over  water  for  range.    Time  of  flight,  38  seconds. 


Range  (yinrdt). 

2,647 

2;  460 

2;  829 

8,826 
8.800 


7. 


7,048 
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TdbU  ahotnng  enlargements  of  bore  of  l2-4nch  muzzle-loading  rifled  moriar. 


Inches  from 
mnssle. 
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Original 
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of  bore. 


Enlargementof  bore  after— 
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12.006 
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12.006 
12. 006 
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12.006 
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12.007 
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12.007 
12.008 
12.008 
12.008 
12.008 
12.008 
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PROGRESS  REPORT  ON  THE  TRIAL  OF  THE  IQ-INCH  BREECH-LOADING 
RIFLE  {CAST  IROIf),     BY  THE  ORDNANCE  BOARD. 

The  gnn,  it  is  assatned,  is  described  in  the  constraction  report  of  the 
iB8})ecting  officer  stationed  at  tbe  South  Boston  foundry. 

Before  being  turned  over  to  the  Board  it  was  lired  live  proof  rounds 
under  instructions  given  to  the  commanding  officer  of  New  York  arsenal. 
In  a  letter  dated  Ordnance  Office,  Apiil  8, 1885,  the  Board  was  directed, 
after  the  proof  rounds  bad  been  fired  from  the  gun,  to  continue  the  firing 
by  testing  German  cocoa  powder,  gradually  increasing  the  charges  un- 
til 265  pounds  had  been  fired  with  a  shot  weighing  800  pounds.  Exper- 
imental iM>wder8,  furnished  by  Du  Pont  &  Co.,  were  also  ^red  under 
directions  given  by  the  Chief  of  Ordnance  from  time  to  time. 

Tbe  carriage  on  which  the  piece  is  at  present  mounted  is  of  the  Erupp 
pattern,  but  as  it  is  not  to  be  used  for  further  firing  of  this  piece  it  does 
not  require  description  here* 

The  projectiles  were  cored  shot,  weighing  700,  750,  and  800  pounds, 
one-half  of  each  being  provided  with  single  and  one-half  with  double 
copper  bands.  The  bands,  it  is  understood,  are  forced  into  undercut 
grooves  by  hammering,  and  then  turned  off  to  the  proper  diameter. 
Two  kinds  of  metal  were  used  for  the  single-band  projectiles,  viz,  cop- 
per and  an  alloy  of  copper  and  zinc.  The  rounds  from  19  to  23,  both 
inclusive,  were  fired  with  the  alloy  bands.  The  first  two  projectUes 
(rounds  19  and  20)  were  fired  into  the  sand  butt  and  recovered. 

Tbe  bands  were  sharply  marked,  but  the  metal  of  the  bands  did  not 
seem  to  flow  as  smoothly  and  regularly  as  in  the  simple  copper  bands. 
This,  however,  appeared  to  exercise  no  perceptible  influence  on  the 
natures  of  the  flights,  as  the  sound  of  the  projectiles  fired  in  rounds  21, 
22,  and  23  (which  were  furnished  with  similar  bands  denominated  C) 
indicated  that  the  flight  was  regular.  As  it  is  stated  that  band  C  is 
cheaper  than  the  others,  it  would  seem,  as  far  as  the  limited  experience 
80  far  gained  can  be  depended  upon,  that  a  number  of  shot  similarly 
banded  should  be  furnished  for  the  further  test  of  this  gun. 

Tbe  powdeni  used  by  the  board  were  of  two  kinds,  viz,  German  cocoa 
powder,  density  1.863,  and  Du  Pontes  brown  prismatic  powder.  The 
prisms  of  the  German  and  of  Du  Pout's  powder  are  hexagonal,  about 
0.d7  inch  long  and  1.53  inches  wide,  as  measured  from  corner  to  comer  on 
the  npper  faces.  They  contain  a  single  axial  perforation,  about  0.37  inch 
in  diameter.  The  Du  Pout's  powder  first  received  (type  N.  C.)  had  a  den- 
sity of  1.874,  the  last  received  (type  N.  M.)  a  density  of  1.833.  Charges 
of  Grerman  powder,  132.5  pounds  in  weight,  were  built  up  carefully  in 
tightly-fitting  silk  bags,  choked  and  tied  at  the  top.  A  portion  of  the 
bottom  layer  in  each  bag  was  composed  of  black  prismatic  grains,  each 
having  seven  perforations. 
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A  piece  of  fabric  with  sieve-like  stractare  was  inserted  in  the  central 
portion  of  the  bottom  of  the  bag  to  insure  easy  ignition. 

The  charges  of  Da  Font's  powder  had  a  number  of  black  prismatic 
grains  in  the  lower  layer,  and  the  bag,  made  of  serge,  had  two  cuts  cross* 
wise  in  the  bottom  after  it  was  filled,  to  facilitate  ignition. 

The  trial  of  the  gun  by  the  Ordnance  Board  commenced  with  round 
number  6,  fired  June  25, 1885.  A  charge  of  225  pounds  of  cocoa  pow. 
der  was  fired  with  a  double-band  shot  weighing  700  pounds,  the  high- 
est indicated  pressure  being  25,550  pounds. 

The  charge  was  then  increased  to  215  pounds,  and  to  enlarge  the  air- 
space a  single-band  shot  was  used.  When  the  charge  with  a  single- 
band  shot  weighing  700  pounds  was  farther  increased  to  265  pounds 
the  maximum  pressure  indicated  was  30,250  pounds.  Betaining  this 
charge  of  265  pounds  the  weight  of  the  shot  was  increased  to  750 
pounds,  then  to  800  pounds,  the  pressure  in  the  latter  case  being  31,400 
pounds  per  square  inch,  and  the  instrumental  velocity  at  174'  1"  from 
the  muzzle  was  1,703  feet,  corresponding  to  a  muzzle  velocity  of  about 
1,710  feet  a  second.  The  best  results  obtained  with  265-pound  charges 
of  Du  Pout's  N.  M.  powder  and  an  800-pound  projectile  were  in  the 
twentieth  round,  when  the  muzzle  velocity  was  1,705.^6  with  a  pressure 
of  26,375  pounds.  The  maximum  pressure  per  square  inch  with  K.  H. 
powder  was  27,700,  the  minimum  was  25,150  pounds,  and  the  mean  of  six 
rounds  was  26,258  pounds.  The  maximum  muzzle  velocity  per  second 
was  1,705.6  feet.  The  minimum  was  1,683,  and  the  mean  of  six  rounds 
was  1,091.1  feet. 

In  the  last  five  rounds  a  number  of  partially  burned  grains  were 
found  on  the  ground  after  firing. 

The  firings  above  referred  to,  a^s  well  as  subsequent  firings,  made  to 
test  the  quality  of  powders  manufactured  by  Du  Pont  &  Go.,  are  given 
in  the  accompanying  firing  records.  As  up  to  this  time  neither  the 
number  nor  quality  of  the  bands  to  be  used  on  the  shot,  nor  the  uatare 
of  the  powder  for  subsequent  test  of  the  gun  have  been  determined,  a 
progress  report  only  can  be  made. 

After  firing  a  certain  lot  of  Du  Pout's  powder,  which  gave  low  veloc- 
ities and  a  maximum  pressure  of  23,850  pounds,  many  partially  burned 
grains  were  found;  a  number  of  these  grains  retained  a  form  quite  sim- 
ilar to  their  original  one.  The  central  cavity  was  enlarged,  the  length 
of  the  grain  diminished,  the  faces  were  slightly  concave,  the  angles  were 
less  concave  than  the  faces,  but  the  particles  of  the  grain  remained  con- 
nected together  as  at  first.  In  other  words,  these  grains  which  had 
been  fired  were  not  broken  up  into  irregular  fragments  as  it  has  some 
times  been  asserted  would  be  the  case.  It  is  possible,  although  hardly 
probable,  that  some  of  them  commenced  to  bum  only  after  they  were 
ejected  from  the  gun,  but  the  deep,  irregular  ^<  pits^  in  the  surfaces 
seemed  to  indicate  that  they  had  burned  under  considerable  pressore. 

T.  G.  BAYLOR, 
Colonel  of  Ordna/ncCy  President  of  Board, 

GEO.  W.  McKEB, 

Major  of  Ordnance, 
OHABLES  SBALEB, 

Captain  of  Ordnanee, 
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Becord  of  firing  with  12'inch  experimentai  omMtow 
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Beotfrd  of  firing  with  i2-ineK  exptrimftitUil  ea*f-ir«»  brettk-to^ihif  rijU  I 
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4i  Sa»djf  Book,  if.  J.,  from  June  19  to  September  29,  1885— Continued. 
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Table  of  enlargements  of  12-ineih  experimental  oaat'iron  breeck^loading  rifle. 


Inohea  from  maszle. 
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ameter of 
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-0.002 

-0.002 

-0.001 

0.005 
0.005 
0.005 
0.005 
0.004 
0.004 
0.004 

aoo4 

0.004 
0.0U4 
0  004 
0.004 
0.004 
0.004 
0.001 
0.004 
0.004 
0.0M 
0.004 
0.004 
0.004 
0.004 
0.004 
0.003 
0.003 
0.003 
0.002 
0.002 
0.002 
0.002 
0.002 
0.003 
0.003 
0.003 
0.003 
0.003 
0.0O3 
0.0O3 
0.003 
0.008 
0.003 
0.003 
0.003 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 
0.002 

0.  034 

267 

o.oa 

286 

Oi.  021 

265 ^ 

264 >. 

0  O30 
0  019 

263 w 

0  017 

262 

0  Olt 

•261 

0.015 

260 

0.  CIS 

259 

0.015 

258 

0.  015 

257 

0.013 

256 

0.012 

255 

0.013 

254 

0.073 

268 

0.0\i 

252 

0.013 

251 

0.011 

250 

0  oil 

249 

a  019 

248 

247 

0.009 

246 

0  Of» 

245 

OiO*'** 

244 

0  0^ 

243 

0  009 

242 k 

0  0(Pi 

241 

0. 0U7 

240 

0  097 

239 

o.<^ 

238 

0- 1»'3 

237.. 

0.  0i<5 

236 

0.  0*t5 

235 

0. 005 

284 

0.005 

233 

0.  065 

232 

0.  U04 

231 

0.  om 

230  

O.Qt^i 

229. i 

0.  0O5 

228 

0.004 

227 

0.  G04 

226 

0.004 

226 .• 

0.003 

224 

0.004 

223 

0.  C«3 

222 

0.  (tuS 

221 

a  003 

220 

0.  <»02 

219 

0. 0n2 

218 

0.002 

217 

0.  002 

216 

0.  ooa 

215 

0-  002                0. 003 

214 

0. 002                0.  002 

0. 002                0.  002 

212 

0.002 
0.002 
0.001 

a  001 

0.001 
0.002 
0.001 
0.001 
0.001 

0.002 

211 

0.092 

210 

0.001 

209 

0.001 

208 

0.00] 

207 

0.002 

206 

0.  001 

205 

0.1K)1 

204 

O.OM 

203 

0.001  1              0.000 

202              

0.001 

0.001 

0.001 

0.001 

0.000 

0.000 

0.000 

0.000 

-0.001 

-0.001 

—0.001 

-0.001 

0.000 

201 

0.001 

200        

0.00] 

199 

0.001 

0.001 

197 

0.001 

196 

0.001 

195          

0.001 

194          

0.000 

193 

0.000 

192 

0.000 

191 

a  001 
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T^U  0/  enlargememtB  of  i^-inch  escpwimental  ca9i'iron  breeoh-loading  rifle — Continued. 


Inches  from  miuzle. 

OrigioAl  di- 
ameter of 
bore. 

BnlArgementa  of  bore  after— 

A  total  of 
SrouDds. 

A  total  of 
10  rounds. 

A  total  of 
26  rounds. 

1»              ,,..,, .--r ., 

12.003 
12.003 
12. 003 
12.003 
12.003 
12.003 
12.003 
12.003 
12.003 
12.003 
12.004 
12.004 
12.004 
12.004 
12.004 
12.004 
12.004 
12.004 
12.004 
12.004 
12.004 
12.004 
12.003 
12.003 
12.004 
12.004 
12.004 
12.004 
12.003 
12.003 
12.003 
12.003 
12  003 
12.003 
12.003 
12.003 
12.003 
12.003 
12.003 
12.004 
12.005 
12.005 
12.006 
12.008 
12.009 
12.009 
12.011 
12.  OU 
12. 010 
12.011 
12.  Oil 
12. 010 
12.  on 
12.009 
12.008 
12.007 
12.005 
12.003 
12.005 
12.005 
12.003 
12.004 
12.003 
12.003 
12.003 
12.003 
12.003 
12.003 
12.003 
12.004 
12.004 

-0.002 
-0.001 
-0.002 
-0.002 
-0.002 
-0  002 
—0.002 
-0.002 
-0.002 
-0.002 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0. 001 
.0.001 
.0.001 
.0.001 
.0.001 
.0.001 
.0.001 
.0.001 
-0.001 
.0.000 
-0.001 
-0.001 
-0.002 
-0.002 

-a  002 

-0.002 

-0.002 

-0.002 

-0.001 

0.000 

0.000 

-0.001 

0.000 

0.001 

0.000 

0.000 

0.000 

-0.001 

-0.001 

-0.001 

0.000 

-0.001 

0.000 

-0.  002 

-0.001 

-0.001 

-0.001 

-0.001 

0.000 

-0.001 

-0.002 

-0.001 

-0.002 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

-0. 001 

-0.001 

-0.001 
-0.001 
-0.001 
-0.001 
-0. 001 
—0.001 
-0.001 

-a  001 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
-0.001 
0.000 
0.000 
0.001 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.001 
0.001 
0.000 
0.002 
0.003 
0.003 
0.002 
0.002 
0.001 
0.001 
0.002 

0.001 

0.000 
0.001 

0.001 

liip                 , , , 

0.001 

\m 

0.001 

im 

0.001 

ut 

0.001 

Its 

0.001 

114  

0.001 

]0 

0.001 

l«2 

0.001 

IM  

0.001 

lg$ 

0.000 

179    

0.000 

\7% 

0.000 

177  

—0.001 

1T4 

—0.001 

ir5    

0.000 

17*    

0.000 

173 

0.000 

173    

0.000 

0.000 

179     » 

0.000 

—0. 001 

m 

0.000 

0.000 

ISO    

-0.001 

—0.001 

149 

—0.001 

—0.001 

13fl      

0.000 

0.000 

130     - 

0.000 

0.000 

110       -..._. •... 

0.000 

0.000 

1^         

0.000 

0.000 

IB        . 

0.000 

0.003 

M    

0.005 

0.005 

e 

0.004 

n , , 

0.005 

n      

0.004 

0,004 

78 

0.004 

77 

0.005 

78 

0.002 

73 

0.001 

74         .... 

0.003 

73 

0.001 

7» 

0.001 

71 

0.002 

7(1        

0.000  :             0.001 

m     

0.001                0.003 

M 

0.  001                0.  001 

e: 

0. 000  1              0.  001 

M 

0. 001                0.  001 

Si       

0.001  ,              0.002 

M 

0. 000                0.  000 

0.000             -0.001 

SO       

0. 001             -0. 001 

45   

-0.001 
0.000 
0.000 

-0.002 

ig 

-0.001 

-0.001 

ai      

0.  000  1          -0.  001 

0.000  '          -0.001 

3ft    

0.000             -0.001 

U          

0.000  i          -0.001 

\% 

0.000 :       -0.001 

-0.001  I          -O.OOl 

1 

0.000  ■          -0.001 
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Table  of  enlargements  of  chamber  of  l^-inch  experimental  oaeUiron  breeek-loading  ri/U, 


Inches  from  breech. 

OriffiDal  diameter 
of  chamber. 

Bolargement  after 
5  roaoda. 

Enlar^ment  after 
lOrooiids. 

BnlarieemeDt  aft«r 
25roanda. 

HoritOD* 
tal. 

Vertical. 

Horizon- 
tal. 

Vertical. 

Horizon- 
tal. 

Vertical. 

Horison- 
tal. 

1 
iVertkai. 

1 

771 

13.507 
13.607 
13.507 
33.607 
13.507 
13.506 
13.5f« 
13.505 
13.504 
13.503 
13.503 
13.503 
13.503 
13.503 
13.503 
13.503 
13.503 
13.603 
13.503 
13.503 
13.504 
13.504 
13.504 
13.504 
13.504 
13.504 
13.604 
13.504 
18.604 
13.504 
13.504 
18.504 
13.504 
18.504 
18.504 
13.504 
13.503 
13.503 
13  503 
13. 503 
13.503 
13.503 
13. 5(>3 
13.503 
13.503 
13.503 
13.503 
13.503 
13.  503 
13.  503 
13.  503 
13.503 
13.503 
13.503 
13.503 
18.503 
13.503 
13.  5.13 
13.918 
13. 713 

13.507 
13.507 
13.508 
13.508 
13.  508 
18.507 
13.506 
13.506 
13.506 
13.505 
13.505 
13.505 
13.505 
13.504 
13.505 
13.  '105 
18.505 
13.505 
33.505 
13.505 
13.505 
13.505 
13.505 
13.505 
13.504 
13.504 
13.504 
18.504 
13.504 
13.504 
13.504 
13. 504 
13.504 
13.504 
13.  504 
13.504 
18.5(H 
13.504 
13.504 
13.504 
13.504 
13.504 
13.504 
13.  504 
13.504 
13.504 
13.504 
18  504 
18.504 
13.504 
13.504 
1.1.504 
13.505 
13.  506 
13.506 
13.506 
13. 506 
13.534 
13.614 
13. 713 

-«.0O2 

-0.002 

—0.002 

-0.002 

-0.002 

-0.  002 

-0. 002 

-0. 0411 

-0.001 

-0.001 

0  000 

0.000 

0.000 

0.000 

-0.001 

— 0.0111 

—0.001 

-0.  UOl 

-0.001 

-0.001 

-0.002 

-0.001 

-0.001 

-0.001 

-O.OOl 

-.0.001 

-0.001 

-0.001 

-0.001 

-O.OOl 

-0.001 

-0.001 

—0.001 

-0.  001 

-0. 001 

-0.001 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

-0.001 

-O.OOl 

-0.001 

-O.OUl 

-0.001 

-0.001 

-0.001 

-0.  001 

-0.001 

-0.001 

-0. 017 

-0.011 

-0. 018 

—0.003 
—0.003 
-0.004 
-0.003 
-0.003 
-0. 002 
-0. 002 
-0.002 
-0.002 
—0.002 
-0.002 
-0.002 
-0.002 
-0.001 
-0. 002 
-0.002 
-0.002 
-0.002 
-0. 002 
-0.002 
-0. 0«.2 
-0.  002 
-0.002 
-0.002 
-0.001 
-0.002 
-0.002 
-0.002 
-0.002 
-0.  002 
—0.0(12 
-0.  »K)1 
-0.001 
-0.001 
-0.001 
-0.  001 
-0.001 
-O.OOl 
-O.OOl 
-O.OOl 
-0.002 
-0.  002 
-0.002 
-0.  0O2 
-0.  0(12 
-0.  002 
-0.  002 
-0.002 
-0.002 
-0. 002 
-0.002 
-0.  002 
-0.003 
-0.004 
-0.004 
—0.004 
-D.004 
—0.  030 
-0.  010 
-0. 017 

-0.001 

-0.001 

-0.002 

-0.002 

-0.002 

-0.001 

-0.002 

-0.001 

-0.001 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

-0.001 

-O.OOl 

-0.001 

0.000 

0.000 

-«.001 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

O.OOl 

0.001 

0.001 

O.OOL 

0.001 

O.OOl 

0.001 

0.001 

0.001 

0.001 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0  000 

0.004 

0.028 

0.027 

—0.002 
-0.002 
-0.003 

-a  003 

-0.003 
-0.002 
-0.002 
-0.002 
-0.002 
-0.001 
-0.001 
—0.001 
-0.001 
-0.001 
-0.002 
-0.002 
-0.002 
-0.002 
-0.002 
-0.002 
-0.002 
-0.002 
-0.002 
-0.003 
-0.001 
—0.001 
-O.OOl 
—0.001 
-0. 002 
—O.OOl 
-O.OOl 
—0.001 
-0. 001 
-O.OOl 
—0.001 
-O.OOl 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
-0.001 
.  -O.OOl 
—0.001 
-0.001 
-0.001 
-0. 001 
+0.001 
+0.001 
0.000 
-0.001 
—0.002 
—0.002 
-0.O03 
—0.003 
0.017 
0.  024 
0.020 

0.000 
0.001 
0.001 
0.001 
0.001 
0.002 
0.001 
0.002 
0.002 
0.002 
0.000 
0.002 
0.001 
0.001 
0.001 
0.002 
0.001 
0.001 
O.OOl 
0.001 
0.000 
0.000 
0.000 
0.000 
0.001 
O.OOl 
0.001 
0.001 
0.001 
0.001 
O.OOl 
O.OOl 
0.000 
0.000 
0.000 
0.000 
O.OOl 
0.002 
0.001 
0.002 
0.002 
O.OOl 
0.001 
0.001 
0.001 
•0.001 
0.001 
0.001 
0.001 
0.001 
O.OOl 
0.001 
0.001 
O.OOl 
0.001 
O.Oi>l 
0.001 

Q.OM 

••• 

77. 

0.001 

76 

Q.0Q4 

76 

O.Oul 

74 

OOM 

73 

O.OOl 

72 

71 

0.001 

70 

—0.(41 

60 

68 

67 

-0.001 
OKI 
0  OC>v 

66. 

O.OOQ 

65 

64 

;       a  0-11 

0.((0| 

68 

62 

0.1<K 
0.001 

61 

— o.coi 

60 

—0.001 

69 

— o.oei 

68 

-0. 001 

67 

56 

-0.001 
-0.001 

55 

-0.001 

54 

aoM 

58 

52 

0  C>>| 
0.001 

51 

O.OOl 

50 

-0.  fiOI 

49 

-0.«)l 

48 

O.iJOQi 

47 

—0  001 

46 

—0.  (iOI 

45 

44 

-0.001 
-0.  (161 

43 

0.00>i 

42:::.:::::...:.::.. 

0.000 

41 

0.000 

40 

C.0(<0 

39 

0.0(« 

WW ...........       ...... 

88 

37 

O-or-o 
-o.ooi 

86 

86 

-O.0OI 
-O.OC! 

84 

83 

82 

-O.OOl 
-0.001 
-0.OU1 

81 

-0  00] 

30 

o.ooo 

29 

0.0G0 

28 

0.0U0 

27 

0.000 

26 

25 

-0.001 
-0.002 

24 

-0.003 

23 

-0  0U3 

22 

"dim 

21 

20 

19 

1 



Appendix  21. 


FINAL    FIBINO    AND   RUPTURE  OF  THE  ^INCH  MULTICHARQE  GUN. 

BT  THE  ORDNANCE  BOARD, 

(2  plates.) 

Ordnance  Board,  U.  S.  A.,  New  York  Arsenal, 

Oav€mor*s  Island j  N.  T,  Harbor^  December  29, 1884. 

The  Chirp  of  Ordnance,  U.  B.  A., 

Washington^  D.  ft; 

Sir  :  I  have  the  honor  to  forward  this  day  the  firing  and  star  gauge 
records  of  the  20  ronnds  fired  from  the  6  inch  multicharge  gun,  since, 
in  accordance  with  your  instructions  of  October  22,  1884,  it  was 
strengthened.  At  the  20th  round  of  this  last  series  the  casing  of  the 
iruu  was  fractured,  as  shown  in  the  accompanying  plate.  The  crack 
made  in  the  tube  before  this  firing  commenced  did  not  extend  mate^ 
rially,  and  the  tube  did  not  split  in  the  vicinity  of  the  ruptured  jacket. 
A  Uible  showing  the  calculated  data  for  the  different  rounds  is  likewise 
inclosed.  The  information  embodied  in  this  last  inclosure  has  been 
furnished  Mr.  Haskell  at  his  request. 
For  the  Boartl. 

Very  respectfully,  your  obedient  servant, 

T.  G.  BAYLOR, 
Colonel  of  Ordnance^  President  of  Board, 
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Beoord  of  firing  with  Mnch  mnlticharge  gun  ai  Sandf 


Powder. 


Projectile. 


Time. 


o 

t 
I 


.a 
o 


n 


i 

M 

e 


« 
M 

a 
8 


1884. 


A.  IC.— Barome- 
ter, 80.281; 
thermometer, 
87.8 ;  hmnid- 
liy,  «2. 


34  Deo.  10  V 


« 

M 

p. 
•d 

H 


o 

S. 


0 


Preesure, 
pounds  per 
square  inch 

of  bore. 


Kind. 


M 


9 


iu\i 
sill 


LH 


4ia 


Lbi\o 


'f 


JS    o 

oo  H  p6< 


^ 

s 


B 

s 


S      I 


it.   n 


I 


KN     KA     KB  KBAI  KQ 
17    .    22    .    22    I    22    I    22 


105 


^4cal. 


P.  IC.— Barome- 
ter.    30.273; 
thermometer,  ^  , 
41.8;    hamid 
ity,  91. 


35  Dec  10  < 


i36 


A.  M.— Barome- 
ter, 30.056; 
thermometer, 
48.0 ;  humid- 
ity, 68. 


S37 


P.  IC.^Barome- 
ter,     30.030; 
thermometer,  < 
48.1 ;    humid 
ity,  67. 


38 


39 


Dec  10 


Dec.  11 


Dec.  11  ^ 


KN 

18 


K  A    KR  lEBA    KQ 
23        23    I    23    I    23 


'4cal. 


Seal. 


KM    KR 
18        24 


KBA   KS 

24    I    24 


KT    1 
24    i 


KM    KR 

18    I    24 


llT 


KBA.KCA 

24    I    23 


KDA 
22 


Dec.ll<{  \ 


KM    KR 

18        24 


"-■V 

111 

KBAKCA 
24    I    23 


> Seal.  Ill 


1,5354.2^ 


5711  a 


63.S< 


KDA 
22 


111 


^3oal.  Ill   4  30 


>4cal.;165  4  30 


40 


Deo.ll<( 


A.  M.— Barome- 
ter, 30.176; 
thermometer, 
36.1 ;  humid- 
ity, 59. 


P.  M.— Barome- 
ter,     30.261 ; 
thermometer,  } 
48.8 ;    humid 
ity,  50. 


41 


•KM    KR  IKBA 

I    19    I    25    I    25 


KCAKDA 
24        23 


116 


42 


43 


Dec.  16  s 


Dec.  16 1 


KN 
19 


KB  KBAKCAKDA 
26    I    25    I    23    ,    22 


115 

KM  I  KR  {KBA  KCAKDA 
19    !    27    !    26    I    24    I    23 


Deo.  16  < 


r:KMl  KR 

I    19    I    27 


119 


KBA 
25 


KCA 
28 


KDA 
22 


116 


*  Not  taken. 


'3cal. 


Ill 


>4oal.l55 


} 


>3cal. 


»4oal. 


4  30 


SS:i> 


s^issi 


8953.51 


^m 


GOO 
O    »    O 

O    '^ 


CO 


i:;'^ 


C-) 


>!,  7503.91 


s^ 


p  » 

I  I 


8  30! 


'*.>1,9423.7] 


51' 8" 

from 

"muz- 

sle. 


'^  ^iS3S5S 


I 
152  ,8  30 


Si,  999  4.  U 


<«  ^j^J«-  >1.7984.ia 
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J7wi,  X  J,,  from  Deeemher  10  to  December  }8,  1884. 


PrenBure, 
poaodB.per 
aaaAreinch, 
of  bore  at — ! 


WiBd. 

ttrvaffth 
.tiixtioii 


Special  remarks  aboot  each  fire,  saoh  aa  effect  on  piece,  sonnd  of  pn^ec- 
tile  in  flight,  scattering  of  fhignients,  Sec. 


(    I 


5-= 


t    ^ 


*.-2!-e-|  >2,162 
2  « ;«  ao  > 


o 
•=  ®  >2,8»7 


f^Ci 


J   sill 


f 


c 


c 
far: 


99  sT.ac  o 


-SB 

a  «  *  s 


:!" 


091! 


S4,238i 


Before  ronnd  34,  three  steel  hoops  were  shrank  on  forward  portioi^ 
of  gnn  and  a  lead  band  attacned  to  rev  to  oTercome  the  mussle 
preponderaooe. 

The  breech -oartridge  was  inclosed  in  a  copper  case  which  fitted  in 
rear  into  the  heaa  of  the  obturator.  In  tne  base  of  the  case,  hole*- 
were  cnt  to  allow  the  ignition  of  the  charge  and  for  the  pressure- 
plug.  The  case,  thongh  badly  misshapen,  was  eanily  withdrawn- 
aft^r  firing.  No  escape  of  gas  at  any  pocket,  but  slisht  escape 
at  third,  and  considerable  at  fourth,  loading  hole.  The  bree^- 
block  opened  and  closed  easily  at  this  and  following  ronnda,  and 
at  no  time  was  there  any  escape  of  gas  at  breech. 

A  short  copper  case,  U  inches  long,  replaced  the  larger  case  osed  iia 
preceding  ronnd,  and  was  ased  through  the  remainder  of  the  firing. 


^  00  X 


g  X  w  ac 


1^ 


107: 


a 

I 


4.480, 


I     I 


> 


il' 


oe?: 


r:  2'  i  8 


>«.«72| 


li 


«s 


I 


8«8)       I 


1^ 


No  greater  elevation  being  possible  for  the  gun  as  mounted.  th»- 
props  and  forks  for  traverse  wheels  were  removed  and  the  chassis!' 
lowered  into  skidding  so  as  to  have  an  upward  Inclination  of  P  to- 
the  rear. 


Gas  escaped  around  pressureplng  of  fonrth  pocket. 


Prop  and  traverse  wheela  replaced. 


148 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Record  of  firing  with  6-inck  multicharge  gun  at  S^nd% 


o 
d 


Powder. 


Date. 


P.  M. — Baronie- ) 
ter,    80.261;  I 
tbermometer,  > 
48.8;    humid- 
ity,  59.  J 

A.  M.— Barome- 
t  e  r ,  29.914 ; 
thernioraet4*r, 
89.2 ;  humid- 
ity, 84. 


I 


44 


1884. 
Deo.  16  < 


Projectile. 


Prrsimre,      !» 

pounds,  per]  ^ 
iiare  inch 


1 


»•? 


ofbore,at— I  1 


I 


1^ 


i 


I 


Mil 


I      4i 
S      !     M 

o 

O  ' 

p« 


Kind. 


S 


!    H 


KlfAl  KR  'KB A 


19 


27 


26 


KCA 

24 


KDA 


45Deal7<{ 


KMA 
19 


KR 

27 


119 


KBA 

26 


KQ   KDA 

24  I      23 


I 


A.  M.— Barome*  i  < 
ter,     29.914;  ^ 

thermometer,  [  46^Dec.  17^ 
30.2 ;    humid.    \ 
Hy.  84.  )  I 


A.  M  — Barome- 1 
ter,    29.914 ; 
fhermometer,  >  ^7 
39.2 ;     humid 
ity.  84. 

P.  M. — Barome- 1 
ter,    29.825; 
thermometer,  >  <8 
89.8 :    humid- 
ity, 76.  J 


P.  M.— Barome- 1 
ter;    29.}<2.^; 
thermometer, 
89.8 ;    humid- 
ity, 76. 

P.M. —  Barome- 
ter, 29.K25; 
thermometer, 
39.8 ;  humid- 
ity, 76. 


49 


KMA 

19 


119 


KR  iKBA 
27  I      26 


^•i 


KDA 
23 


I 


Deo.  17^ 


Dec.  17^ 


120 


KMAl  KK   KBA 


19 


27 


26 


KQ   KDA 
25  i      28 


120 

KMaI  KR  KBA 
10        27        26 


1 


:  i ! 


Mr 


I;. 


a 
« 


i6«o   * 
Seal.  110  2  45 


I    •    9 

ti 


pa  fMec^l^ 


II  SI; 


♦it 

111 

•Hir 


I 


>3cal.ll0 


2  53 


1 


'Seal. 


110  2  55 


^5 


KDA 
23 


3cal. 


Deo.l7< 


fKMA 
19 


KR 
27 


120 


KBA 
26 


110  2  55 


for  v'io- 

\7*  ,04  |C« 


)--  .ft   ^ 


II 


'1 


Ifl 


5  o  f , 


952  2.75 


110   2  55 


KQ 
2o 


KDA 
23 


!     I 

50  Dec.  17  •{ 


SI 


fKMA 

19 

s 


120 


KR  jKBA 
27        26 


KQ 
25 


KDA 
23 


Dec.  18  X  ^ 


>8cal. 


110  2  55 


A.  M. — ^Barome- 
ter,    30.105; 
thermometer,  < 
26.1 ;     humid- 
ity, 67. 


52  Dec.  18^ 


53 


^8cal. 


^dcal. 


>3cal. 


110 


109 


110  .2  55 


1,072  2.5a 


Deo.l8<^ 


fKMA 
10 


KR  KBA 

27        25 


KP  IKDA 
24        22 


117 


'4cal. 
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\  t 

"  ^  Si,  961  2. 67 
—  t-  t"  •c' " 
w  C4  ei  w 


I     I 

V--:  o  o  c 
3  10  <■"  *  "  « 

84  eo  CM 


So  c 
-A 
«0  9 


7903.161 


The  fli^'ht  of  projectiles  wm  pood  throughout.    Where  the  term  *•  Sub."  appears  in  ooluDm  of  preaaure 
the  piefwuro  waa  leaa  than  18,000  pouodis  per  square  Inch.  «•«»». 
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Spot,  K»  J.y  from  December  10  to  December  16,  1884 — Continued. 


pomiiU,  per  Distance  fVt>iii  center  of  I  Distance  fW>ra  center  of 

3tt«fe  inch  target,  in  feet.         {         Impact,  in  feet. 

bore,at— < 


Wmd, 

iCnrDrth 

aiMl 


'l.^'Si    Vertical.     Uorieontal.'    Vertical. 


Ij!     .  £\ 

4 

"0,-S  "oi 

o 

t-t 

ja 

ftntl'  ac 

«c 

a\^  a 

a 

^  "^  "n  1 

«» 

3.1  3 

1^3 

Horizontal. 


Special  remarks  aboat  eaeh 
fire,  Buch    as    effect    on 

f>iec(^,  sound  of  prqjectile 
n    flight)   scattering    of 
fragments,  &c 


4.    !«    -   5 


d 

s 


t 

o 


6C 


3 


1 


04 


2'    •   **   1 

^  "3  S ,f  Firrd  at  3,00A.yArd  target :  sighting  shot;  struck 
s*  00  ^  I     11  yards  short. 

O    9   9  ) 

..59^  (Fired  at  3,000-yard  target ;  sighting  shot ;  stmck 
«  o  c  o  (     *'  •"  right  and  12'  6"  below. 

W    S   5S1   S   ) 


1.60    0.25  i  1.44 


13.00   11.00 


10.06     6.57  ! 


1.43 


4.68 


0. 56     0. 07 


3.69    '  0.40 


3.43 


11' 


2S 


•i* 


s' 


6.50  i 

^ 16.04   16.04  j 

3U.58-*- 7=2.04  31. 01 -•-7=4.43  39.24 -«- 7=5.61  32.08-1-7=4.58' 


C 

« 

o 

.a 

« 
o 

a 
k 
a 
c 


o 
« 

S 


•a 
« 


& 


CO 

1 


The  housing  of  press* 
ure  plug  of  first  load- 
ins  hule  broke  off 
while  being  un- 
screwed, and  the 
filug  of  the  third 
oaalng  hole  was  also 
badly  damaged ;  both 
were  removed  and 
replaced  by  blanks. 
Uubnmt  powder 
picked  up  at  the  sec- 
ond frame. 


Mean  vertical  deviation  fh>m  center  of  impact.  5'.  61 
Mean  horisontal  deviation  from  center  of  im- 
pact  4'.68 

Mean  deviation  from  center  of  impact  . . .       7'.25 

'  A  crack  was  developed  in  the  cat»t.-iron  casing  extend- 
ing longitudinally  from  a  ^oint  6  inches  in  front  of  the 
third  loading  hole  to  a  point  12  inches  in  rear  of  the 


Fired  at  3,000-yard  tar 


first   loading   nole,  as  per  sketch  accompanying. 


Sd'erUrJe?^  1     From  the  Ihrrty-fourth  round  impressions  were  tiken 

'^  ^  after  each  ronnd,  and  it  was  shown  that  the  crack  in 

the  steel  tube,  while  scored  by  the  powder  gases, 
was  extended  in  length  only  abont  1|  inches. 


'  Not  taken. 
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Star  gauging  of  6-inoft  multicharge  gun. 


Sept.  4,  ,   Sept.  7, 
1883.  18S3. 


Inohea    -     - 

from 
<omszle. '  Originftl 
diameter 
of  bore. 


mm 

J. 

■*» 
o 
.4 
OS 


-2581 

257 

266 

265 

254 

263 

252 

261 

250 

249 

248  ... 

247  ... 

246  .. 

245-... 

244... 

243.... 

242.... 

241... 

240.... 

239.... 

238... 

237.... 

236..-. 

285.... 

234,... 

233.... 

282.... 

231.... 

230  ... 

229  ... 

228.... 

227.... 

226... 

225  ... 

224.... 

228... 

222  ... 

221.... 

220.... 

219... 

218.... 

217.... 

216.... 

215.... 

214... 

213  ... 

212.... 

211...- 

210  ... 

209.... 

208.... 

207.... 

206  ... 

205  . 

204.... 

203... 

202... 

201... 

200... 

199... 

198.... 

197  ... 

196  ... 

195.... 

194.... 

193... 

192.... 

191 

190 

189.... 
US.... 
187.... 


6.188 
6.187 
6.187 
6.188 
6.187 
6.187 
6.187 
6.188 
6.077 
6.012 
6.012 
6.013 
6.013 
6.013 
6.013 
6.013 
6.018 
6.013 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.013 
6.018 
6.013 
6w013 
6.013 
6l013 

Pocket 

Pocket. 

Pocket. 

Pocket 

Pocket 
6.013 
6.013 
6..013 
6.013 
6. 013 
6.013 
6.013 
6.013 
6.013 
6.013 
6.012 
6.  012 
6. 012 
6.012 
6.012 
6.013 
6.013 
6.014 
6.014 
0.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 

Pocket.. 

Pocket.. 

Pocket.. 

Pocket.. 
6.013 
6.013 
6.013 
6.013 
6.018 
6.018 


DUmeter 

of  bore 

after 

6  ronnda. 


6.188 
6.188 
6.188 
6.188 
6.187 
6.187 
6.188 
6.188 


Oct.  31, 
1883. 


Diameter' 
of  bore 
after  31 
rounds.  I 


6.187 
6.188 
6.188 
6.188 
6.189 
6.190 
6.190 
6.190 


Dec.  9, 
1884. 


(•) 


Inches 

from 

rauezle. 


•  -I 


6.017 
6. 015 
6.015 
6.015 
6.016 
0.016 
6.016 
6.  016 
6.U16 
6.016 
6.016 
6.015 
a  015 
6.015 
6.015 
6.015 
6.015 
6.015 
6.015 
6.015 
6.015 
6.015 
6l016 

Pcaket.. 
6.015 
6.015 
6.015 
6.015 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.015 
0.014 
0.014 
6.014 
6.014 
6.013 
6.013 
6.013 
6.013 
6.013 
6.014 
6.014 
6.014 

Pocket.. 

Pocket.. 

Pocket.. 

Pocket.. 

Pocket.. 
&014 
6.014 
6.014 
6.015 
6.015 
6.015 


6.016 
6.015 
6.015 
6.015 
6.015 
6.015 
6.U15 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6w014 
6.014 
6.014 
6.013 
6.013 
6.013 
6.013 
6.012 
6.013 
6.016 


6.020 
6.023 
6.026 
6.026 
6.024 
6.022 
6.020 
6. 020 
6.020 
.6.  020 
6.02U 
6.020 
6.019 
6.019 
6t019 
6.019 
6.019 
6.019 
6.018 
6.018 
6.018 
6.018 
6.016 
6.015 
6.015 
6.015 
6.014 
6.018 
6.018 
6.023 
6.026 
6.029 
6.030 
6.030 
6.026 
6.025 
6.026 


186 

185. 

184. 

188. 

182. 

181. 

180. 

179. 

178. 

177. 

176. 

175. 

174. 

173. 

172. 

171. 

170. 

169. 

168. 

167. 

166. 

16^. 

164. 

J63. 

162. 

161. 

160. 

150. 

158 

157. 

156. 

155. 

154 

153. 

152. 

151 

150. 

149. 

148. 

147. 

146. 

145. 

144. 

143. 

142 

141. 

140. 

139. 

138. 

137. 

136. 

135. 

134 

133. 

132. 

131. 

130. 

129. 

128. 

127. 

126. 

125. 

124. 

123 

122. 

121 

120. 

119. 

118. 

117 

116. 

115. 


Sept.  4,      Sept.  7, 
iteS.  1883. 


rM«rin.i    Diameter 
^8*°*^     of  bore 


diameter 
of  bore 


&014 
6.015 
6.015 
6.015 
6.015 
6.015 
6.016 
6.016 
6.015 
6.015 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.018 
6.014 
6.014 
6.013 
6.014 
6.014 
6.014 
&015 
6.015 
6.015 
6.015 
6.015 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.015 
6.015 
6.017 
6.017 
6.017 
6.017 
6.016 
6.016 
6.016 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 

Pocket. 

Pocket. 

Pocket 

Pocket. 

Pocket. 
6.013 
6.013 
6.018 
6.018 
6.013 
6.013 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6l014 
6.013 
6.018 


after 
6  ronnda. 


I 


6.016 
6.016 
6.016 
&016 
6.016 
6.015 
6.017 
6.015 
6.015 
6.015 
6.015 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.015 
6.015 
6.015 
6.014 
6.014 
6.014 
Pocket. 
6.014 
6.014 
6.015 
6.014 
6.014 
6.013 
6.013 
6.013 
6.013 
6.018 
0.014 
6.014 
6.014 
6.015 
6.017 
6.017 
6.017 
6.016 
6.016 
6.015 
6.015 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
6.014 
Pocket 
Pocket 
Pocket 
Pocket 
Pocket. 
6.015 
6.015 
6.015 
6.014 
6.014 
6.015 
6.015 
6.016 
6.015 
6.015 
6.015 
6.015 
6.014 
6.014 
6.014 


Oct.  81,      Dec  ». 
18».  1S84. 


Diameter 
ot  bore 
after  81 
ronnda. 


I. 


.1 


6.024 
6.024 
6.024 
6u024 
6.023 
6.023 
6.023 
6.023 
6.022 
6.020 
6.020 
6.018 
6.019 
6.018 
6.018 
6.018 
6.016 
6.018 
6.016 
6.016 


6l021 
6l024 
6.024 
6.024 
6.023 
6.023 
6.023 
6.022 
&022 
6.023 
6.023 
6.024 
6.023 
6.024 
&024 
6.024 
6.022 
6l021 
6.020 
6.019 
6.017 
6.017 
6.016 
6.016 
6l015 
6.014 
6. 013 
6.013 


6. 080 
6.020 
6.030 
6.020 
6.019 
6.018 
6.019 
6.018 
6.019 
6.019 
6.020 
6.020 
6.019 
6.022 
6.023 


{*) 


8.019 
8.030 

loa 

&0S} 
6.034 


*  Star  gaufced  after  three  banda  had  been  abmnk  on,  to  aaoertain  if  shrinkage  of  bands  had  chuged 
bora,  -^o. 
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Star  pauging  o/6-inM  mulHcharge  gun — Continued. 


or  bore.    Ground*. 


Oct.  31, 
1888. 


Deo.  0, 

1881. 


Sept.  4,     Sept  7, 


$ept.  4 

im. 


\u  . 

113 

ll; 
111  . 

xm 
un 

IftS 
IM 
lOJ. 

i«i 

m 
r. , 

vi 

S6. 
91. 

K. 
91 
91. 
A. 

rfr. 
« 

a. 

£1 
H 
79 


75. 

T4. 

73 

72 

n. 

78 
A 

ftf. 
«7. 
« 

64. 
O. 
«. 
€1. 
M. 

sa 

57 


6.012 
ft.  010 
ft^OlO 
ftuOIO 
6.010 
6.010 
6.010 
6.010 
6.010 
6.010 
6.010 
6.011 
6.011 
6.011 
6.011 
6.011 
6.011 
6l010 
&010 
ft.  010 
&O0B 
OwOOO 
6.009 
6.009 
(LOIO 
6.010 
0.010 
6.016 
6.016 
&015 
6.015 
6l015 
6.014 
&014 
6.013 
6.013 
OwOlS 
6.013 
6u013 
6.013 
OwOlS 
6.013 
6l013 
6.013 
6.018 
6.013 
6.013 
6.012 
6.011 
a  Oil 
6l011 

e.010 

&010 
6.010 
6.010 
6.010 
6.010 
6.010 


6  014 
6  013 
6.012 
6.011 
6.011 
6  011 
6  011 
6.011 
6  011 
6.012 
6.013 
6.01S 
6.013 
6  014 
6  013 
6  013 
6.013 
6.012 
6.011 
6  011 
6  010 
6  010 
6.010 
6  010 
6  010 
6  011 
6  015 
6.016 
6  017 
6.016 
6  015 
6  016 
6  016 
6  015 
6  015 
6. 015 
6  015 
6  014 
6014 
6  014 
6  015 
6  014 
6  014 
6  014 
6  014 
6  013 
6  014 
6  013 
6  013 
6  012 
6  011 
6  011 
6  011 
6  011 
6  010 
6.010 
6  010 
6011 


Dtameter 
of  bore 
after  31  , 
roands. 


6.023 
6023 
6  022 
6  021 
6021 
6  021 
6  021 
6  020 
6020 
6  021 
6  020 
6  020 
0.020 
6  020 
6  020 
6  020 
6  020 
6  010 
6  018 
6.  0'7 
6  017 
6  017 
6  017 
6  016 
6  016 
6  016 
6  010 
6  022 
6  022 
6  020 
6  020 
6  020 
6.010 
6.020 
6  020 
6.018 
6  018 
6  010 
6  018 
6  018 
6  019 
6  018 
6.018 
6  018 
6  018 
6  017 
6  017 
6  016 
6  015 
6  016 
6  015 
6.015 
6  015 
6  015 
6  014 
6  014 
6  015 
6  016 


(•) 


6  024 
6  024 
6  024 
6  025 
6  025 
6  025 
6  023 
6  025 
6025 
6  025 
6025 
6  024 
6  024 
6  023 
6  023 
6  023 
6  023 
6  022 
6.020 
6.  020 
6.  (120 
6U20 
6  020 
6.020 
6  021 
6  022 
6  025 
6.  026 
6026 
6  025 
6  025 
6  025 
6  025 
6  025 
6.024 
6  024 
6  024 
6  023 
6  023 
6  023 
6  023 
6  023 
6  023 
6.023 
6  022 
6  022 
6  021 
6  021 
6.020 
6  020 
6  020 
6  019 
6.017 
6  017 
6.017 
6  016 
6  019 
6  010 


Inches ■  

mnzSe.  ;  Orijcinal  j  ^^fSfif 


Oct.  31, 
1883. 


Diameter 

of  bore 

after  31 


Dec.  9, 
1884. 


of  bore.  I  e  rounds. ,  rounds. 


66 

55 

54 

53 

62 

51 

50 

49 

48  .... 
47 

46  .... 
45   .... 

44 

43  .  .. 
42      ... 

41 

40 

30 

38 

37      ... 

:t6 

35    .... 

34 

33  .... 
32    .... 

31 

30  ... 
29     ... 

28 

27 

26 

25     ... 

24 

23 

22    ..   . 

21 

20 

19 

18 

17 

16 

15 

14    .... 

13 

12  .... 
11  .... 
10    .... 

9    .... 

8 

7 

6 

5 

4 

3 

2 

I  .. 
Muzzle. 


6  010 
6  010 
6  010 
6  010 
6U10 
6.009 
6  009 
6  009 
6  009 
6.009 
6  009 
6008 
6  008 
6  0ON 
6.008 
6  007 
6  006 
6.006 
6  006 
6  005 
6.005 
6  004 
6.004 
6  003 
6  003 
6  003 
6003 
6  003 
6  003 
6  003 
6  002 
6  001 
6  001 
6  000 
6.000 
6  000 
6.000 
6.000 
6  000 
6  000 
6  000 
6  000 
6000 
6.000 
6  000 
6  000 
6  000 
6  000 
6.000 
6  000 
6  000 
6  002 
6  003 
6  0<M 
6  005 
6  007 


6  010 
6  011 
6  010 
6  010 
6  010 
6  010 
6  010 
6  009 
6  009 
6009 
6  008 
6008 
6008 
6  008 
6007 
6007 
6.007 
6. 066 
6  006 
6.  (K)5 
6  005 
6.004 
6  0U4 
6  004 
6.003 
6.0i»3 
6003 
6.003 
6  003 
6.003 
6  002 
6  002 
6  002 
6  001 
6  001 
6  001 
6  000 
6  000 
6  000 
6.000 
6  000 
6000 


I 


000 
000 
000 
000 
000 
6  000 
6  000 
6  000 
6  000 
6  001 
6  002 
6  003 
6  004 
6  007 


6  014 
6  014 
6  014 
6  013 
6  018 
6  012 
6  011 
6  011 
6  011 
6  010 
6  010 
6  010 
6  010 
6  010 
6  010 
6.010 
6  010 
6  009 
6  008 
6  0O8 
6008 
6  007 
6  007 
6  006 
6  006 
6  006 
6006 
6006 
6  006 
6  006 
6  005 
6  005 
6  005 
6  005 
6  004 
6004 
6.004 
6  0O4 
6  003 
6  003 
6  003 
6  003 
6003 
6  008 
6003 
6  003 
6.003 
6.004 
6  004 
6  004 
6  004 
6  007 
6  007 
6008 
6009 
6.012 


(•) 


6  016 
6  016 
6  016 
6016 
6016 
6  016 
6  014 
6014 
6  014 
6  014 
6  014 
6  014 
6  014 
6  014 
6  014 
6.014 
6  013 
6  013 
6  013 
6  014 
6  015 
6  016 
6015 
6  015 
6  015 
6.015 
6  016 
6.016 
6  017 
6  016 
6  016 
6  016 
6  016 
6  015 
6015 
6  014 
6  014 
6  013 
6013 
6  012 
6  010 
6  010 
600D 
6  000 
6  008 
6  008 
6  008 
6006 
6.007 
6006 
6006 
6l007 
6  007 
6.007 
6007 
6  010 
6l028 


*Stsr  saujced  after  three  bands  had  been  shrunk  on,  to  ascertain  if  shrinkafce  of  bands  had  changed 
bore.  Ac 
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Table  $howing  calculated  data  for  6"  muUiokarffe  gum. 


Date. 


1884.     I 
Deo.  10  • 
10  , 
10  ' 
11 
11 
11 
11 
18 
1& 
16 
18 
17 
17 
17 
17 
17 
17 
18 
18 
18 


i 


i 


II! 


5^ 

Or'O 


IA>9. 

Lba. 

84 

155 

105 

1.640 

3ft 

155 

110 

1,676 

86 

100 

114 

1.785 

87 

111 

114 

1.851 

38 

HI 

111 

1.904 

89 

155 

111 

1,756 

40 

111 

116 

1,951 

41 

155 

115 

1.607 

42 

111 

119 

2,004  < 

43 

152 

116 

1,801 

44 

110 

119 

1,989 

45 

110 

119 

1,962 

46 

110 

120 

1,964 

47 

110 

120 

1.939 

48 

110 

120 

1.947 

49 

110 

120 

1.951 

80 

110 

120 

1.962 

61 

110 

120 

1.981 

52 

100 

120 

1.970 

53 

150 

117 

1,796 

r 

■a 

I 

I. 

•^  H 

o 
H 


2,  551.  4 
2,672.1 

2. 410. 6 

2. 639. 7 
2, 79a.  0 

3. 817. 3 
2. 932. 6 
3.090.1 

3.  U94.  1 
3, 421. 9 

8. 020. 4 
2, 939. 0 
2,945.0 
2, 870.  5 
2.894.3 
2.906.2 
2,939.0 
2, 906  1 
2,  936. 2 
3,358.3 


S 


FootUmt. 

90.24 

94.51 

85.26 

93.36 

98.78 

117.32 

103.72 

1(j9.  57 

109.43 

121.  OA 

106.82 

103.  95 

104.16 

101.  52 

102. 36 

102. 79 

103. 95 

105.97 

lai.  85 

11&78 


15. 178 
16.369 
14.906 


14. 594 
1&141 


i 

I? 

"3 


391 
424 
5  0 
614 
662 
591 
705 
536 
752 
629 
7a7 
713 
715 
692 
700 
703 
713 
730 
718 
623 


I 
1 

Ml 
•IS 

3 


2,081.6 

2. 181. 5 

1. 817. 6 
2.006.9 
2. 12&  1 
2. 723. 2 
2.239.6 
2,5.38.2 
2, 364.  8 
2.  799. 6 
2, 303. 6 
2.240.4 
2. 245. 5 
2,185.7 
2,206.5 
2,214.2 
2. 240.  4 
2, 285. 1 
2.233.0 
2,742.5 


"o  a 

•S3 

8 


^1^ 


I 

9 

-1 


a 


Foot-ttms. 
78.62 
77.16 
64.29 
70.98 
75.  72  [ 
96.31 
79.21  ' 
89.77 
83.64 
99.02 
81.47 
79.24 
79.42 
77.81 
7&04 
7&31 
79.24 
80.82 
7a  98 
97.00 


c 
s 
s 


11.271 

i".  iss 

10. 9H 


I2L4«7 
I4.0(fi 
12.165 


II.  m 


1L6» 
llSfll 


ISTOTB.— PenetratlooB  oalcalated  for  greatest  and  leaat  velocities  obtained  with  each  weight  of  pro- 
)eetile aad  by  the  Kmpp  formuI»,  namely:  C=  (0.0135 r<*;*. 


PLATE L 


TARGET  RECORD  of    &%^-*^SSU^4«;_ 


ADt^^^,y^9  /3fS*^Kl  SANDY  HOOK.  N.  J. 
J  .  DiM«H,  kits,        /  .  JWeartif  Uit,  ^ 


1 
1 

1 

»- 

Sf 

^ 

4* 

^ 

E^ 

1 

^ 

r^ 

*» 

« 

0 

F 

1 

1 

•' 

«« 

1 

1 

Ihr^  ^^  X  4<r. 


j|f«u»  w^tiaal  dsvimUan  frwm  MnUf  of  tmpaat. 
MsoM  kanwomtal  dsoimUam  /ivm  esmttr  «f  impaet,. 


REilpl2v3  4lt 


5</ 

y-2S 


«..«.  /'  M 


AppoMlix  SI— 18S& 


PLATE  II. 


pruRE 


Appendix    22. 


AtSUMED  AXD  CALCULATED  DATA  FOR  C0N8TBUCTlNa  A  b^ INCH  STEEL 

SIEOE-GUN.    BY  THE  ORDNANCE  BOARD. 


(1  plate.) 

Assamed  data. 

Wei|;ht  of  projectile pounds.. 

Weight  of  char^re do 

DcDtdty  of  loading 

Length  of  chamber inches.. 

Volome  of  chamber cnbio  inches.. 

LpDgth  of  bore *. . .  caliber  (150  inches) . . 

Ditineter  of  bore inches.. 

Length  of  gun do 

Weight  of  gun pounds.. 

Fr«ponderance  at  1  foot  from  base  of  breech do. . 

Physical  properties. 


45 
12 
32 
15 

384 

30 

5 

162 

3,500 

200 


Jacket 
Tube  .. 


Tenaoity. 

Pouftdi. 
95.000 
80,000 


Elaatlo  limit. 

Pounds. 
45,000 
38.006 


PKtor  of  safety 

Factor  of  effect per  cent.. 

Calculaied  data. 
(I) Initial  Telocity feet..   17.10 

(2)  Maximum  preasnre tons  per  square  inch..   15.51 

(3)  DiBtanoe  of  projectile  from  bottom  of  bore  when  maximum  pressure  exists, 

inches -- 18.0 

(4  and  5)  Presiures  and  velocities  at  different  points  ofhore. 


4 

75 


Dlatance  from 

frtint  end  of 

chamber. 


Inehts. 
a 

5 
16 
25 
35 
45 
56 
66 
75 

es 

96 
105 
115 
126 
136 


Pressare  in 

tone 
•qnare 


per 

IDCb. 


Velooitlea.      DiffereDce. 


15.51 
13.  75 
8.64 
6.24 
4.88 
4.00 
3.38 
2.93 
2.60 
2.34 
2.16 
1.97 
1.80 
1.65 
1.53 


Feei. 
559.8 

696.6 

1036.4 

1202.8 

1811.3 

1390.6 

1452.5 

1503.0 

1545.  3 

1581.6 

1613.4 

1641.6 

1666. 7 

1689.6 

1710.  3 


Feet 


338.8 

187.4 

10&5 

79.3 

61.9 

50.6 

42.3 

36.3 

31.8 

28.2 

26.1 

22.8 

20.8 

Mozxie 


1.53 
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(6)  Thiokness  of  wall  at  maximain  diameter  of  chamber  with  factors  of 

safety 4 

Thickness  of  tube inches..     1.7 

Thickness  of  jacket do....  2.8 

4.5 

(7)  Elastic  resistance  of  chamber tons..  15.635 

Elastic  limit  of  tube  assumed pounds . .  38, 000 

(8^  Jacket  may  terminate  in  front  of  face  of  chamber inches. .  36 

(9)  Shrinkage  per  linear  inch 0. 0014 

Total  shrinkage 0.01274 

(10)  Initial  compression  of  tube  under  shrinkage tons  per  square  inch . .     4. 036 

Resistance  of  tube  to  compression tons  per  square  inch . .     6.  I8n 
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Comparative  table  of  foreign  siege  gum  of  ohomi  12» 


Nation  or  mMiQfaotare. 


DeDoulnfttioii. 


MateiiAl. 


i 

I 


4. 70       3, 


Swiss 12»« 

Bn^li^nd 40-pdr.,  85cwt,  H.  L 

Projected  (TTnited  States) . .    MDcb .. 


Steel I 

Steel,  wrought  iron  . 
Steel  Jacketed * 


I 


4. 13  '    2. 500. 4 


4.72  I    2,045.5 


Kmpp 10.5»* I  Steel  hooped 

i 
France \  DeBange  12«" Steel  hooped 

Italy I  Plastic  obtarator  ... !  Steelhooped ^ 

I  I 

Austria i  12«* '  Conipreased  bronse  .       4.7        3,740. 


T3 
% 

I 

a 

8. 
I 


,088.        j 


at3'.2fl 
220. 

187.4 


4.7         3,124.  33a 

4.75  ,    8,864.      •  24. 

5.  3,500.  20a 


Comparative  table  offorHgn  siege  gvne  of  about  12*™  (4".7') 


Powder  charge. 


Nation  or  mannfiftotnre. 


Denomination. 


MaterlaL 


Kmpp 

France 

Italy 

Austria 

Swiss 

Xngland 

Pr^eoted  (United  States) . . 


10.6« 

DeBangel2» 

Plastic  obtarator . .. 

12«- 

12« 

4P-pdr.,  85cwt.,  If.  L 
5iDcb 


Steel  hooped 


d 

a 
a 

% 

-a 


Nature  of  grains. 


Steel  hooped 

Steel  hooped 

Compressed  bronse 

Steel 

Steel,  WTonght  iron 
Steel  Jacketed 


•s 


8.1 


0.03 

0.0 
10.68 

7. 

7. 
12. 


Priam«tlo  density  ( 
1.64.  { 

GrainroVs^'' thick  " 
Prismatio  Kottweil 
R.L.G 
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i**'.7) 


«mdpropo9ed  S^inoh  $teel  »iege  gun. 


t 

1 


144.8 


Bore. 


I 

I 


183.07 


127.95  I       117. 
I     Ufli»i      104. 
121  118.  li 


nil    I      102.4 

m    {    104.  s 

Ifll      l«  150L 


i 


812 
24.75 
22.04 
22.5 


2L7 

22. 

80l 


I 


Twist 


I 


InoreMiDK. 
l<>2(Kto7o 

tTnifbrm. 

laoe  I 

InoTMMing. 
0to4o 


GrooTed. 


50 


Uniform. 

17.71  I  45 

1&66  35 

14.86  ;  35 


I 

i 

0.288 
0  815 


O80 


0.826 

0.8 

0.85 


t 


0.1878 


0.03 


0.068 


0.059 


0.090 

0.10 

0.06 


i 


82 


Powder  chamber. 


80 


82 


I 


I 

o 

.9 

I 


21.65 


86  14.04 


1&7 


4.02 
4.88 
5.00 
4.0 


3  I      Ko  chamber. 
82  I       15.       I  5.7 


mK^  and  proposed  5-ifioA  $teel  siege  g»n — Contiaaed. 


ProjeetOe. 


I 
1 

1 


a 

0 
A 

I'- 


till 

193  39L24 
inOQiST 
197  138.81 
.  ..  »» 
1.95^62 
I     j4& 


e 

d 


L52 

L76 

2.2 

2. 

3L46 

2.5 

2.23 


I 

II 


Maxde  energy. 


Velocity  at— 


1,558. 

1. 675. 4 

1, 6v& 

1,693.7 

I,55& 

1,425. 

1,710. 


4h 

5 


e 
H 


84,125  504.2 


24,463 


34,742 


,677.5 
,700.7 
,732.9 
.«21. 7 
,55a  4 
913.3 


45.80 

45.69 
47.45 
49.64 
42.11 
37.42 
58.14 


38.71 
40.89 
42.24 
35.83 
31.51 
46. 52 


68.80 
70. 77 
69.27 
88.81 
79.77 
76.10 


S  (3 

.o  be 


502.2 

573.6 
508.6 
429. 
445. 8 
323.7 
604. 38 


I. 

■§§ 

CM 


i 
I, 

F 

X 


I 


1^ 


'*     .« 


l4 
18 


1.263.      1,056.     ,945.5  £57.     ;788.5 


1.233.      1,019.     |901.5  808.5 

1. 280.      1, 031. 5  904.  804. 5 

1.305.     ;i,045.      915.  814.5 

1,20.^     '    999.     '880.5  786.8 

1,127.5       967.5   861.  774.6 

1, 343       1, 080.  5  ,945. 6  845. 5 


730. 

721. 

731. 

706.8 

700. 

763.5 


f 


PUTBI. 


N 
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COySTBUCTIOX  BEPOBT  OF  THE  CAST-IRON  BODY  FOR  THE  TEN- INCH 

WIBE-WBAPPED  B,  L.  RIFLE. 

By  Capt.  D.  a.  Lylb,  Ordkancb  Department^  U.  8.  A. 

TIME  EMPLOYED. 

This  body  was  iDcIaded  in  the  contract  made  September  24,  1883, 
with  the  South  Boston  Iron  Works.  It  was  cast  March  28, 1884,  and 
was  inspected  August  28-29,  1884.  The  body  was  finished  in  five 
months  from  the  date  of  casting  and  within  eleven  months  of  the  date 
of  the  contract. 

THE   CASTING. 

The  details  regarding  the  furnace  charges,  the  record  of  casting,  the 
cooling,  the  physical  properties,  and  the  initial  tension  are  given  in  the 
statement  of  fabrication  appended  hereto  and  forming  part  of  this  report. 

The  casting  was  made  breech  down,  with  an  excess  of  metal  upon 
the  breech  sufScient  to  allow  a  cylinder  about  fifteen  inches  in  length  to 
be  taken  from  that  end  for  experimental  purposes. 

FINIBHING. 

The  chase  of  this  gun  was  finish-turned.  The  cylindrical  portions 
designed  to  receive  the  wire  wrapping  was  ordered  to  be  turned  to  the 
dimensions  given  in  the  drawing,  but  when  completed  it  was  found  that 
these  diameters  exceeded  those  prescribed  by  about  .04  inch. 

This  variation  was  subsequently  authorized.  The  rifled  portion  ol 
the  bore  was  directed  to  be  bored  out  to  9.95  inches,  leaving  .05  inch. 
for  finish-boring  after  wrapping  with  wire. 

The  same  allowance  was  made  in  the  diameter  of  the  chamber,  leav- 
ing it  to  be  finished  after  the  application  of  the  wire,  and  to  have  the 
seat  for  the  steel  bushing  of  the  breech-block  cut  in  the  rear  end.  The 
forward  slope  of  the  chamber  was  also  left  to  be  finished  after  the  wrap- 
ping with  wire. 

A  alight  excess  of  metal  was  left  at  the  breech  end  to  serve  for  start- 
ing reamers  and  boring  tools. 

PHYSICAL  PBOPEBTIES. 

The  prescribed  tenacity  was  required  to  be  not  less  than  30,000  nor 
more  than  37,000  pounds  per  square  inch.  The  usual  tenacity  speci- 
mens, taken  from  both  ends  of  the  casting,  all  fell  within  these  limits. 
The  initial  tension  was  as  follows :  Muzzle,  16,190  pounds  per  square 
inch;  hreech,  13,125  pounds  per  square  inch. 
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SHIPMENT. 


The  body  for  the  lO-inch  wire-wrapped  B.  L  rifle  wais  shipped  to  Ui« 
commaDding  officer  of  Watertown  Arsenal,  November  12,  1884. 


RElf  ARKS  • 


Attached  to  this  report  will  be  foand  star  gaage  record  of  measord- 
meuts  of  the  bore  and  measurements  of  the  exterior  diameters  of  the 
gun  body,  together  with  the  variations  in  the  exterior  diameters. 

Table  I. — Statement  offahrioation  of  ordnance  for  the  eerrioe  of  the  United  States  h$  S^tUk 
Boeton  Iron  Work^^  at  the  South  Boston  Foundry ^  under  the  eupervision  of  Capt,  D.  A. 
Ljfley  Ordnance  Department. 

(CMt*lron  body  for  iO-lncb  wlre-wnpped  B.  L.  R.  jmu.    Cast  Marob  28, 1884.'   iDspeoted  August 

1884.] 

CHARGE. 
Iron  ut4d. 


Fnmaoes. 


Grade  of  iron. 


No.  1. 

No.2. 

NaS.                 1 

Tot^ 

Ko.l 

Tons. 

Ton§. 



TbM. 

No.2  

No.  3.  hard* 

6 
6 
6 
9 

W 

0 

Richmond  iron 

Sections    of    15-inch 
Rodman  S.  B.  gans. 

• 

No.  3,  Hott 

Remelted 

(     u 

IB 

27 

27 

M 

*  Classed  as  Na  4  Richmond  at  this  foundry. 

Chal  eontumed :  Not  kept  accarately.    Approximately  27  tons. 
CharaeUr  of  (Mt  «tieib«  .*  Record  not  kept 


R£C0RD  OF  CASTING. 


Furnaces  lired  March  28,  No.  1  at  4  a.  m., 
No.  2  at  3.30  a.  m. 

Metal  down  at  11.30  a.  m. 

Time  of  meltiug :  No.  1,7^  hours  ;  No.  2, 8 
hours. 

Time  in  fii8iou,4^  hours. 

Ouu  caht  at  3.40  p.  in. 

Time  occupied  in  casting,  11  minutes. 

Temperature  of  water  entering  core-bar- 
rel, 39  degrees. 

Temperatui  e  of  water  leaving  core-barrel, 
39  dejrrees. 

fiate  of  water  per  minute,  36  gallons. 


Fire  kindled  in  pit  about  4  p.  m. 

Fire  in  pit  went  out  March  29,  about 5 
p.  ni. 

Fire  in  pit  burned  about  23  hours. 

Water  shut  off  March  29  at  9  a.  m. 

Cor«- barrel  removed  at  11  a.  m. 

Water  entered  gun  at  12  m. 

Kate  of  water  pur  minute,  20  i^allous. 

Temperature  of  water  entering  gan,  31 
degrees. 

Tern perature  of  water  leaving  gun,  172  de- 
grees. 

Total  time  in  cooling  gun,  90^  hours. 
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COOLING  TABLES. 


Core-buT«L 


:    t 


I 


•I 
i 

4 
5 
« 

T 
S 
9 

10 
11 


70 
78 
72 
70 

68 


66 
64 
64 
62 


i 
8 

H 

12 
13 
44 
15 
16 

n 

18 
19 
90 
21 
23 


Core^barrel  removed. 


62 
60 
60 
00 
00 
00 
50 
(t) 

§172 
168 


28 
24 
25 
26 
27 
28 
29 
80 
81 
82 
83 


165 
162 
156 
152 
146 
141 
185 
128 
120 
112 
106 


o 


34 

85 
86 
87 
88 
89 
40 
41 
42 
43 
44 


06 
06 
01 
86 
82 
78 
72 
68 
64 
61 
60  • 


i 


45 

40 
47 
48 
49 
50 
51 
52 
53 
54 
55 


I 


58 
66 
58 
61 
51 
51 
60 
50 
49 
49 
49 


9 

n 


56 

67 
58 
59 
60 
61 
62 
63 
64 
65 
66 


48 
48 
48 
47 
47 
46 
46 
44 
44 
44 

4a6 


e 

d 

o 


67 
68 
69 
70 
71 
72 
78 
74 
75 
76 
77 


43.5  : 


48 

42.5 

42.5 

42 

42 

42 

42 

42 

42 

42 


76 
79 
80 
81 
82 
88 
84 
86 
86 
87 
88 


41 

41 

41 

41 

40.6 

40.5 

40.5 

40.5 

40.5 

40.5 

40.5 


e 


80 
00 
91 


*  lUte  of  w*ior,  86  gaUona  per  minate. 

t  Water  ofll 

;  Barrel  removed. 

MBCHAKICAL  TSST8. 


40 
40 

1140 


ilUte  of  water,  20  gallons  per  minate. 
Water  ahnt  off  and  began 


began  opening  flask. 


Spseifle  gravity. 


Breech  ring. 


Haisle  ling. 


SpeeiBieB. 


How  taken. 


Sol1-I... 

Ka3-0.. 
KalS-^. 

y«.i3-if. 

Ha  14-1  . 
5oilS-I  . 
5s.  16-0. 
Ksl7-0. 


Tangentially.... 

do « 

...do 

Longitudinally. . 

do 

...do 

....do 

....do 

....do 


Density.         How  taken. 


7.2880 
7.2811 
7.2804 
7.2787 
7.2854 
7.2766 
7.2875 
7.2716 
7.2703 


Tangentially 
. . . .  do  ........ 

. ...do  ........ 


Longitadinally. 

....do  .......... 

....do  .  ........ 


Density. 


7.2942 
7.2840 
7.2819 
7.2806 
7.2776 
7.2717 


TENSILE  8TBENGTH. 


Breeohring. 


Specimen. 


X«il-I.. 

H«.)-0.. 
ValS-O 

y«Li4-i. 

K«l18~0. 

3r<Ki7-^. 


Tenacity. 


84,749 
82,361 
82,715 
81,801 
82.770 
88,268 
82,701 
84,801 
81,701 


Muscle  ring. 


How  taken. 


TangentiaUy  . . 

....do 

. . .  .do 

Longitudinally. 

. . .  .do .......... 

. . •  .do 


Tenaoity. 


82,947 
80,168 
80,024 
82,716 
31.881 
32,278 


INITIAL  TENSION. 

Exterior 

diameter 

of  ring. 

T&ickness 

of  broken 

■eetion. 

Exterior 
opening. 

Extension 
per  inch 

or  ciroum* 
liMwnoe. 

Initial 
tensian. 

L. _ 

Ineh§t. 
8L026 
34.120 

Ineh. 

Inch. 
.061 
.101 

Inch. 
.00061158 
.00094 

18»126 
16,100 

E...".. ::::::"::"":::"".:: 

0.847 

L 

ltnuuB.^TIba  entire  operation  and  snpeilntendenoe  of  and  responsibility  for  the  oasting  were 
|taAtr  the  direction  of  the  ibunders,  and  the  onlv  supervision  exercised  by  the  inspectors  was  ual  re- 
*  by  the  cootraot,  so  Ihr  as  it  provides  for  inspeotlon  at  every  stage  of  the  manufhcture. 

4«26  OBD U 
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Table  II. — Star  gauging  of  bore  of  lO-inoh  toire  wrapped  B,  L,  rifle,  m  finiaktd  by  tkt 

South  Boston  Iron  Works, 

[Fininh^  diameter  of  here  =  10  inches.    Prescribed  diameter  of  bore  =  9.95  isobM.] 


k 

• 

3 

• 

frt)m 
le. 

• 

3 

• 

from 
le. 

• 

3 

• 

from 

le. 

a 

s 

1 

> 

•ga 

115 

i 

1 

1 

> 

H 

•ga 

189 

1 

s 

1 

km 

9.949 

•ga 

245 

§ 

M 

0 

» 

10. 810 

4 

w 

u 

> 

10.  gu 

1 

_ 

9.950 

9.950 

9.949 

3 

117 
119 

9.949 
9.949 

9.950 
9.951 

190 
191 

9.949 
9.949 

9.949 
9.949 

246 

247 

10. 810 
10. 810 

ligii 
10.  m 

6 

"9.956 

'9.'95i 

7 

9.949 

9.950 

121 

9.950 

9.951  > 

192 

9.949 

9.949 

248 

10. 810 

10.811 

9 

9.949 

9.950 

123 

9.950 

9.950 

193 

9.949 

9.949 

249 

10.810 

10.  gu 

11 

9.'949 

9.951 

125 

9.949 

9.951 

194 

9.949 

9.949 

250 

10.808 

la  811 

13 

9.950 

9.951 

127 

9.949 

9.950 

195 

9.948 

9.949 

261 

10.80R 

itm 

15 

9.951 

9.951 

129 

9.949 

9.950 

196 

9.948 

9.949 

252 

10.809 

10.91 

17 

9.949 

9.951 

131 

9.949 

9.951 

197 

9.948 

9.940 

253 

10.808 

10.613 

19 

9.950 

9  951 

133 

9.949 

9.051 

198 

9.948 

9.949 

354 

10.808 

10.  »| 

21 

9.950 

9.951 

135 

9.949 

9.950 

199 

9.949 

0.949 

255 

10. 810 

vam 

23 

9.950 

9. 951 

187 

9.949 

9.950 

200 

9.949 

9.949 

256 

10.  8U 

10.f(I3 

25 

D.950 

9.951 

139 

9.949 

9.951 

201 

9.949 

9.949 

257 

10.812 

10  SIS 

27 

9.950 

9.951 

141 

9.949 

9.951 

202 

9.949 

9.949 

258 

10.810 

ICfll 

29 

9.950 

9.951 

143 

9.949 

9.951 

208 

9.949 

9.949 

259 

lasio 

10.  «1 

31 

9.950 

9.950 

145 

9.949 

9.949 

204 

9.949 

9.949 

260 

10.806 

10. »« 

83 

9.950 

9.950 

147 

9.949 

9.950 

205 

9.948 

9.949 

261 

10.8025 

1ft.  «5 

85 

9.950 

9.950 

149 

9.949 

9.950 

206 

9.948 

9.949 

202 

10.803 

laBM 

87 

9.940 

9.950 

150 

9.949 

9.950 

207 

9.948 

9.949 

268 

10.804 

10.KOI 

89 

9.949 

9.950 

151 

9.949 

9.950 

208 

9.949 

9.949 

264 

10.804 

10. « 

41 

9.949 

9.950 

152 

9.949 

9.950 

209 

9.948 

9,949 

266 

10.806 

10.  M 

43 

9.949 

9.950 

153 

9.949 

9.950 

210 

9.947 

9.949 

266 

10.806 

1&» 

45 

9.949 

9.950 

154 

9.949 

9.950 

211 

9.948 

9.949 

267 

10.806 

laaiT 

47 

9.950 

9.950 

155 

9.949 

9.950 

212 

9.948 

9.949 

268 

10.803 

10.eO$ 

49 

9.950 

9.9.M) 

150 

9.949 

9.950 

213 

9.948 

9.949 

260 

10.803 

ia« 

61. 

9.949 

0.950 

157 

9.949 

9.949 

214 

9.948 

9.949 

270 

10.803 

10.80 

58 

9.950 

9.950 

158 

9.949 

9.949 

215 

9.948 

9.949 

271 

10.803 

ie.M 

56 

9.949 

9.950 

159 

9.949 

9.950 

216 

9.948 

9.949 

272 

10.803 

10.  BN 

67 

9.949 

9.950 

160 

9.949 

9.950 

217 

9.948 

9.949 

273 

10.806 

urn 

59 

9.950 

9.950 

161 

9.949 

9.950 

218 

9.948 

9.949 

274 

10.806 

10.801 

61 

9.950 

9.950 

162 

9.949 

9.950 

219 

9.948 

9.949 

275 

10.804 

lo-^ 

63 

9.950 

9.950 

163 

9.949 

9.95(1 

220 

9.948 

9.949 

276 

10  803 

10.  W4 

06 

9.949 

9.950 

164 

9.949 

9.950 

221 

9.948 

9.945 

277 

10.803 

10.  m 

07 

9.950 

9.950 

165 

9.949 

9.949 

222 

9.948 

9.949 

278 

10.803 

VLm 

«9 

9.950 

9.950 

166 

9.948 

9.949 

223 

9.947 

9.949 

279 

10.803 

ia8N 

71 

9.950 

9.950 

167 

9.948 

9.950 

224 

9.948 

9.948 

280 

10.802 

10.  M 

73 

9.949 

9.950 

168 

9.948 

9.950 

225 

9.947 

9.948 

281 

10  802 

10.  ^ 

75 

9.950 

9.950 

169 

9.949 

9.950  1 

226  1 

282 

10.802 

w.&i 

77 

9.050 

9.950  1 

170 

9.949 

0.950 

227 

283 

10.801 

1(1,  f^ 

79 

9.950 

9.950 

171 

9.949 

9.950  1 

228 

Front 
end  of 
cham- 
ber. 

284 

10.803 

10.  iti 

81 

9.950 

9.950 

172 

9.949 

9.949 

229 

Not 

285 

ia803 

1*1 1^ 

83 

9.950 

9.950 

173 

9.949 

9.949 

230    } 

meas- 

286 

10.802 

10.  as 

85 

9.949 

9.950 

174 

9.948 

9.949 

231 

ured. 

287 

10.803 

10.03 

87 

9.950 

9.950 

175 

9.948 

9.949 

232 

288 

10.802 

10.  aw 

89 

9.950 

9.950 

176 

9.949 

9.949 

2.33 

289 

10.801 

10.803 

91 

9.950 

0.950 

177 

9.948 

9.949 

234  J 

290 

10.803 

10.1^01 

93 

9.950 

9.949 

178 

9.949 

0.949 

234.1 

9.792 

9.746 

291 

10.803 

10.80! 

95 

9.950 

9.950 

179 

9.749 

9.949 

235 

10. 810 

10. 836 

292 

10.  799  , 

10.  m 

97 

9.949 

9.950 

180 

9.949 

9.949 

236 

10. 813 

10.  813  t 

293 

10.800  ' 

10.891 

99 

9.949 

9.950 

181 

9.949 

9.949 

237 

10. 813 

10.  816 

294 

10.799 

10  861 

101 

9.949 

9.950 

182 

9.948 

9.949  : 

238 

10. 811 

10.816 

295 

10.800 

10.801 

103 

9.949 

9.950 

183 

0.948 

9.949 

239 

10. 812 

10.812 

296 

10.800 

10. 8« 

105 

9.049 

9.950 

184 

9.947 

9.949 

240 

10.809 

10.812  ; 

297 

10.800 

10.  m 

107 

9.940 

9.950 

185 

9.949 

9.949 

241         10. 812 

10. 812 

298 

10.801 

10.802 

109 

9.1150 

9.950 

186 

9.948 

9.949 

242         10. 811 

10. 812 

299 

10.801 

\Q.m 

111 

9.949 

9.950 

187 

9.948 

9.949 

243         10.811 

10. 812 

300 

10.802  1 

10.«(7 

118 

9.949 

9.950  j 

188 

9.949 

9.949 

• 

244         10. 810 

;                 : 

10.818  ; 

' 
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tABiM  in. — CMper  rteord  of  exterior  of  oa$Uiron  hodg  of  lO-ineh  wire-wrapped  6r«eoA- 

loading  rf/Ie. 


DIAiaETBB8. 


72 

11&75 
U&7S 
lMi75 
14&75 
151.75 
156 
187 
168 
150 
150 
101 
1«2 
153 
154 
166 
166L75 
167 
169 
171 
178 
175 
177 
170 
181 
US 
186 
187 
180 
101 
103 
105 
107 
100 
201 
003 
205 
207 
200 
211 
218 
215 
217 
21&75 
210 
220 


10 


225 


220 
281 
233 
235 
237 
230 
241 
243 
245 
247 
240 
251 
253 
255 
257 


281 


80.5 

81.25 

81.25 

81.25 

81.25 

81.25 

8L25 

8L25 

81.25 

8L25 

81.25 

81.25 

28 

28 

28 

28 

28 

88 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

28 

20.7 

20.7 

20.7 

20.7 

20.7 

20.7 

20.7 

28.7 

20.7 

20.7 

2a7 

28.7 

28.7 

20.7 

20.7 

20.7 

20.7 

20.7 

20.7 

20.7 

20.7 

20.7 


AotoAL 


10. 115 

28.312 

26w088 

26.030 

27.066 

20.841 

80.608 

81.805 

3L805 

8L800 

8L285 

81.200 

31.287 

8L201 

81.202 

3L287 

81.286 

3L285 

2&028 

28L040 

28.046 

28.048 

28.0461 

28w0472 

28.0473 

28.051 

28.0502 

28.0405 

28.046 

2&0464 

28.0458 

28.0465 

28.0488 

88.0508 

28w0Sl 

28.0528 

2d.  0538 

28.0544 

2&054 

2&0520 

28.0608 

28.0518 

28.0533 

2&0545 

28w0375 

20.7875 

20.7882 

20.7882 

28.7875 

28.7876 

20.7876 

20.7876 

20.788 

20.7875 

20.788 

20.788 

20.7884 

28.7883 

28. 7876 

2P.7872 

20.7865 

20.7868 

28.7855 

20.7868 

20.787 

20.7870 

20.7875 


I 


10.100 
28.808 
2&060 
26.020 
27.067 


81.288 

28L032 

28.045 

28.050 

28.051 

28.060 

28.071 

2a  064 

28L060 

28.058 

28.065 

2&051 

28.051 

2a  063 

2a  060 

2a  057 

28.054 

28. 057 

28.050 

2a  061 

28.055 

2a  050 

2a  068 

2a  072 

28.072 

2a  071 

28  065 

2a  050 

20 

20.8 

28.788 

20.700 

20.705 

20.780 

20.787 

20.705 

20.705 

20.786 

20.702 

20.701 

20.703 

20.702 

20.705 

20.701 

20.700 

20.780 

20.701 

20.706 

20.706 

20.700 


±.025 


+.115 


±.085      ^012 

I 


±.026 

-f.03 

+.08 

+.03 

+.08 

+.03 

+.03 

+.08 

+.08 

+.03 

+.08 

+.08 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 

+.04 


I 


+.006 

+.145 

+.145 

+.05 

+.035 

+.04 

+.037 

+.041 

+.042 

+.037 

+.036 

+.085 

+.023 

+.040 

+.046 

+.048 

+.0461 

+.0472 

+.0473 

+.051 

+.0502 

+.0405 

+.046 

+.0464 

+.0458  - 

+.0466 

+.0488  I 

+.0508 

+.051 

+.0528  I 

+.05:48  ' 

+.0544 

+.054    I 

+.0520  I 

+.0508 

+.  0518 

+.0533  ! 

+.0545  ' 

+.0375  ' 

+.0875 

+.0882 

+.0882 

+.0875 

+.0876 

+. 0876 

+.0876 

+.086 

+.0875 

+.088 

+.088 

+.0884 

+.0883 

+.0876 

+.  0872 

+,  0865 

+.0858  ' 

+.0855  ' 

+.0868 

+.087 

+.0870 

+.0875 


.015 

.004 

.006 

.01 

.001 

.002 

.003 

.100 


.006 
.002" 

•  ooi' 


.002 


.004 

.000 

.006 

.018 

.008 

.0180 

.0288 

.0167 

.008 

.0078 

.0155 

.006 

.0046 

.wn2 

.0125 

.0088 

.0032 

.006 

.0062 

.0072 

.0006 

.005 

.0121 

.0212 

.0212 

.0177 

.0105 

.0125 


.0118 

.0008 

.0025 

.0074 

.0014 

.0006 

.007 

.0075 

.008 

.004 

.0026 

.0047 

.0044 

.0078 

.0045 

.0042 

.0035 

.0042 

.000 

.0061 

.0025 


Obtained  by  taking  the  differenoe  between  the  "preeoribed  dimeneione  "  and  notiuJ  horisontAl  dl 
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Tablb  ni. — Caliper  record  of  exterior  of  oaeUiron  body  of  lO-ineh  wire-wrapped  hreeck- 

loading  rifle — Continaed. 

DIAMETERS. 


a 

h 

1 

Prescribed  dimen- 
sions. 

268 

20.7 

264 

20.7 

266 

20.7 

268 

20.7 

270 

20.7 

272 

20.7 

274 

20.7 

276 

20.7 

278 

20.7 

280 

20.7 

282 

20.7 

284 

20.7 

286 

20.7 

287 

20.7 

288 

20.7 

280 

20.7 

200 

20.6 

201 

20.7 

202 

20.7 

208 

20.7 

204 

20.7 

205 

20.7 

206 

20.7 

207 

20.7 

208 

20.7 

200 

20.7 

800 

20.7 

Actual. 


1 


o 


20.7888 

20.7868 

20.7873 

20.7881 

20.7883 

20.7888 

20.7888 

20.7806 

20.7808 

20.700 

20.7863 

20.7804 

20.7743 

20.7644 

20.7685 

20.7638 

20.7638 

20.7628 

20.7628 

20.7628 

20.7634 

20.7635 

20.7628 

20.763 

20.750 

20.7652 

20.7673 


20.701 
20.800 
20.805 
20.845 
20.880 
20.702 
20.821 
20.820 
20.706 
20.703 
20. 785 
20.777 
20.774 


20.778 


+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 
+.04 


C3 

I 


+.0888 

+.0868 

+.0873 

+.0881 

+.0883 

+.0888 

+.0888 

+.0806 

+.0808 

+.000 

+.0663 

+.0804 

+.0743 

+.0644 

+.0635 

+.0638 

+.0638 

+.0628 

+.0628 

+.0628 

+.0634 

+.0635 

+.0628 

+.063 

+.050 

+.0652 

+.0678 


t 

4* 
i 


.0022 

.0132 

.0177 

.0560 

.0417 

.0082 

.0822 

.0304 

.0062 

.008 

.0018 

.0084 

.0008 


.0107 


*  Obtained  by  taking  the  difference  between  the  "prescribed  dimensions  *'  and  actual  horiaontiJ  di- 
mensions, 
t  Difference  between  the  borisontal  and  rertical  diameters. 
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CONSTRUCTION  REPORT  OF  THE  VHINCH  CAST-IRON  BREECH-LOADING 
RIFLE  FABRICATED  BT  THE  SOUTH  BOSTON  IRON  WORKS  DURING 
THE  TEARS  1883-1885. 

Bt  Capt.  D.  a.  Lyle,  Ordnance  Department,  U.  S.  A. 

(1  plate.) 

TIME  EMPLOYED. 

This  gun  was  contracted  for  September  24, 1883.  It  was  cast  on  May 
6, 1884,  and  was  finished  and  ready  for  inspection  April  1, 1885.  The 
actual  time  required  for  fabrication  was  ten  months  and  twenty-five 
days,  and  the  total  time  between  the  date  of  the  contract  and  the  time 
of  ISDishing  the  gun  was  eighteen  months  and  seven  days. 

DESOBIPTION. 

This  breech-loading  gnn  is  made  of  cast-iron  with  a  breech  bushing 
of  steel,  and  is  provided  with  the  interrupted  screw  fermeture.  The  ex- 
terior outline  conforms  closely  to  the  Kodman  model. 

The  steel  for  the  breech -bushing,  breech  screw,  spindle,  and  lever  was 
made  by  the  Midvale  Steel  Company,  of  Nicetown,  Philadelphia,  Pa. 
The  console  and  hinge-plate  are  of  bronze ;  the  latches,  hinge-pin,  and 
smaller  screws  are  made  of  wrought  iron. 

The  dimensions  of  the  gnn  and  the  details  of  the  breech  mechanism 
are  given  on  the  original  drawings  on  file  in  the  Ordnance  Office. 

PRINCIPAL  DIMENSIONS. 

ToUl  leDgth  of  gun inches . .  360 

Length  of  rifled  portion  of  bore j. do....  273 

Length  of  chamber '. do....  69 

Length  of  breech  bushing do 18 

Tot5  length  of  bore do 242 

Diameter  of  bore do 12 

Chamber : 

Total  length do....  71 

Seat  for  base  of  shot  (unfinished) do 

Provisional  tength do 2 

Length  conical  part do 0. 5 

Length  cylindrical  part do....  1. 5 

Diameter : 

Front  of  cone do....  12 

Rear  of  cone do 12.20 

Cylindrical  part do....  12.20 

Powder  space: 

Length  of  curved  part do 9 

Length  cylindrical  part do 57 

Length  of  seat  for  gas  .check do....  3 

Total  length do 69 

Distance  spindle  projects  intochamber do....  6.5 

Length  actual  powder  space do....  62.5 
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Exterior : 

Maxlmnm  diameter  (over  seat  of  cbarge) inches..  56 

Diameter  at  muzzle do 24 

Diameter  of  cy IiDdrical  projection  in  rear do 41 

Length  of  cylindrical  projection  in  rear do 2*75 

Tmnnions : 

Length do....         7 

Diameter do 15 

Rimbases: 

Diameter  of : do....  17 

Distance  between do 55.  OSS 

Distance  from  axis  of  trunnions  to  muzzle do 240.75 

Preponderance  (practically) do 

PRINCIPAL  WEIGHTS. 

Total  weight  of  gun  complete  (estimated)* tons..       54 

Breech  block pounds..      90fi 

Breech  bushing do 1, 195 

Spindle,  clamp,  and  bolts do 195. 5 

Levpr  complete do 101 

Console do 1"7 

Total  weight  breech  mechanism do 2, 720 

''  RIFLING. 

The  rifling  is  polygroove,  with  an  equal  number  of  lands  and  grooTes. 
The  twist  is  first  increasing  and  then  uniform  to  the  muzzle. 

Grooves : 

Number  of 60 

Width inches..       0.44«| 

Depth do 0.06 

Width  of  lands do 0.18 

Radius  of  tiUet-bottom  of  grooves do.-..'      0.06 

Lands  rounded  with  radius  of do 0. 01   | 

Twist  (increasing)  1  turn  in  135  calibers  at  origin  to  1  turn  in  40  calibers,  j 

and  uniform  at  33  inches  from  ii^uzzle  for  the  remainder,  and  1  turn  in  , 

40  calibers. 

Total  length  of  rifled  portion  of  bore inches . .  273 

Length  of  bore  having  increasing  twist do ^40 

'Length  of  bore  having  uniform  twist do 33 

VENTING. 

The  Tent  is  axial  and  coincident  with  the  axis  of  the  spindle.  A  vent 
bushing  is  placed  in  the  front  end  of  the  ihushroom  head  of  the  spiudle^ 
This  bushing  is  of  copper,  cylindrical,  1.5  inches  in  diameter  and  \B 
inches  in  length,  inserted  into  a  counterbore  in  the  mushroom  head  by! 
pressure.         ^ 

The  bottom  of  this  counterbore  is  finished  with  an  annular  dovetail^! 
into  which  the  copper  is  forced  by  pressure,  thus  locking  the  bushing 
in  its  seat.  The  diameter  of  the  vent  through  the  bushing  is  0.1  iDch; 
through  the  rest  of  the  spindle,  0.2  inch.  The  copper  bushing  is  finished 
flush  with  the  face  of  the  mushroom  head. 

MARKS. 

I 

The  gun  is  marked  upon  the  muzzle  face  as  follows:  ''  12-inch— S.B. 

I.  W.— 1885.— D.  A.  L.— Wt.,  54  tons."    The  marking  is  placed  in  a 

circle  concentric  with  the  bore.  I 


*  The  South  Boston  Iron  Works  possessed  no  scales  of  sufficient  capacity  to  weigh 
such  a  mass,  therefore  the  weight  was  estimated. 
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POWDER  PROOF. 

Tbe  contract  of  September  24, 1883,  provides  that  this  12-iuch  rifle 
**  shall  be  snbjectecl  to  a  powder  proof  of  five  (5)  rounds,  each  of  150 
pounds  of  powder,  with  a  projectile  not  exceeding  800  pounds  in  weight, 
prior  to  its  final  acceptance.'' 

FABRICATION. 

The  casting. 

The  contract  provided  that  the  casting  for  this  gnu  should  '^  be  made 
hollow,  and  be  cooled  from  the  interior  by  a  current  of  air  or  water;" 
that  the  exterior  at  the  same  time  should  be  **  kept  hot  either  by  a  fire 
built  around  the  flask,  within  the  casting  pit,  or  by  filling  the  space 
between  the  flask  and  the  pit-walls  with  some  suitable  nonconducting 
material;"  that  the  gun  should  be  cast  breech  up,  with  a  sinking  head 
not  less  than  7  feet  lon^,  and  that  the  casting  should  be  '^  sound,  free 
from  cavities,  soft  spots,  and  flaws." 

It  also  provided  that  the  cast-iron  used  should  be  charcoal  pig  of 
standard  quality,  prescribed  by  the  Ordnance  Dei)artmeut  for  the  manu- 
facture of  heavy  guns,  and  that  specimens  taken  from  the  lower  end  of 
the  sinking  heail  should  have  ^^au  ultimate  tenacity  of  not  less  than 
30,000  |K>und.s  nor  more  than  37,000  pounds  per  square  inch."  The  cast- 
ing was  made  with  the  larger  or  breech  end  up,  with  a  riser  of  the  full  di- 
ameter about  7  feet  long.  Th«  form  of  the  easting  was  conoidal,  with: 
out  any  swells  or  projections  excei)t  the  trunnions ;  consequently,  the 
longitudinal  shrinking  of  the  metal  during  cooling  was  almost  unim- 
pede<l  by  any  extraneous  condition  of  the  mold  or  flask  detrimental  to 
the  integrity  of  the  casting. 

The  charges  for  the  furnaces,  together  with  all  the  details  of  the  cast- 
ing and  cooling,  will  be  found  tabulated  and  appended  to  this  report. 
The  total  charge  an  given  by  the  founders  was  108  tons,  and  the  time 
of  cooling  168^  hours. 

The  physical  properties  of  the  metal  were  determined  from  a  breech 
ring  taken  from  the  lower  end  of  the  sinking  head  directly  contiguous, 
to  the  breech.  A  second  ring  was  taken  later  from  the  muzzle  about 
4  iuclies  in  front  of  the  face.  This  was  defective  on  one  side,  owing  to 
the  projection  into^the  body  of  the  ring  of  the  wrought-iron  chaplet 
used  to  center  the  core.  This  caused  one  of  the  long  tangential  speci- 
mens to  be  defective. 

FINISHING. 

In  turning  the  exterior  the  prescribed  diameters  varied  from  4-0".09 
to  — 0".09,  while  the  allowed  variation  is  ±."02.  (See  table  of  "  exte- 
rior diameters  of  body,"  appended,  marked  "  Table  V,"  and  the  note  at 
the  end  of  that  table.) 

In  turning  the  rimbases  the  workman  cut  into  one  of  them  for  a  short 
distance,  making  the  distance  between  them  less  than  it  should  l)e. 
The  remainder  of  the  rimbase  was  finished  in  accordance  with  the  draw- 
ing. 

In  boring  out  the  interior  a  portion  of  the  bore  from  69  inches  to  75 
inches,  estimated  from  the  muzzle,  both  inclusive,  showed  a  variation 
in  the  vertical  diameter  of  about  0".0l  above  the  prescribed  variation. 

The  seat  for  the  breech  bushing  and  the  exterior  of  the  bushing  were  very 
accurately  bored  and  turned,  and  an  excellent  contact  was  made  at  the 


168 


EEPORT   OF    THE   CHIEF   OF   ORDNANCE. 


front  face  and  over  the  fillet.  The  rounded  shoulder  had  no  contact  on 
the  curve. 

The  breech  mechanism  was  made  to  conform  closely  to  the  drawings. 

To  prevent  too  much  wear  on  the  hinge  a  steel  plate  or  washer  va£ 
inserted  under  the  hinge  of  the  console.  The  catches  were  finished  in 
place.  The  handle  of  the  translating  screw  would  be  more  convenieDt 
and  easier  on  the  hand  if  it  were  movable  on  an  arbor  instead  of  being 
fixed  as  at  present,  and  constrained  to  turn  in  the  hand  in  maDipnla- 
tion.  The  crank  or  lever-arm  of  this  handle  would  be  better  were  it 
larger,  in  order  to  give  more  leverage.  The  curved  slot  in  the  bashing 
for  the  pinion  of  the  vent-cover  is  too  abrupt  at  its  lowest  point,  and  re- 
quires the  operator  to  assist  the  cover  over  this  point  with  his  finger 
when  the  lever  nears  the  extremity  of  its  path  to  the  right. 

This  defect  has  been  remedied  in  drawings  for  future  constructions. 

The  lock  for  the  lever  handle  should  have  the  spindle  placed  in  the 
lever  itself,  beveled  more  on  its  striking-faces,  else  the  handle  cannot 
be  rotated.  The  rear  face  of  this  handle,  which  strikes  the  spindle  in 
the  lever,  should  be  faced  with  steel,  or  it  will  wear  rapidly  in  service. 

With  the  spring  placed  around  the  spindle  in  the  handle,  the  "split 
nut"  is  unnecessary.  If  a  weaker  spring  were  used  the  nut  might  be  a 
valuable  adjunct  to  give  an  initial  compression  to  the  spring,  or  if  tlie 
spring  should  set  after  use  it  will  be  advantageous.  It  is  furnished 
with  this  gun,  but  will  probably  be  removed  in  firing. 

The  breech  mechanism  after  assembly  worked  well,  except  the  vent- 
cover.  The  translating  screw,  when  it  was  turned  very  slowly  to  with- 
draw the  breech-block,  appeared  to  bind  when  the  nut  was  about  six 
inches  from  the  stop.  When  the  screw  was  rotated  rapidly  this  diflB- 
culty  was  not  experienced.  No  attempt  was  made  to  change  or  remedy 
this,  as  it  was  thought  best  not  to  delay  the  completion  of  the  gun,  but 
to  see  if  this  defect  would  cause  trouble  in  manipulation.  If  so,  it  could 
be  determined  whether  the  screw  was  too  weak,  and  consequently  wonid 
bend,  or  whether  the  binding  proceeded  from  mechanical  imperfections. 
The  sections  of  the  interrupted  screw,  both  on  the  block  and  in  the 
bushing,  had  the  edges  and  corners  all  rounded. 

The  clearance  for  the  shoulder  of  the  spindle  is  .01  inch  all  around 
and  around  the  spindle  itself  the  clearance  is  .02  inches. 

By  an  oversight  the  firing-lock  or  hammer  was  omitted  and  the  gun 
shipped  without  it.    It  can  be  furnished  if  desired  by  the  Department 


Physical  PboperI'ies. 


BREECH  RING. 


Mean  tentititiea  and  mean  denHUes, 


Specimens. 

Density. 

Tenacity. 

No.  of 

How  taken. 

Numbers. 

3 
8 
8 

Tangentially 

Lon^tudinaUy  . . . 
RwliaUy 

1, 2,  and  3 
12, 13.  and  14 
20, 21,  and  22 

7.3297 
7.8311 
7.8224 

34348 
34212 
34128 

1 
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Maximum  and  minimum  ten€U)itie»  and  densities. 


1 

Speoimens. 

Denaitiea. 

TeiuKsitles. 

ICAziiDiim. 

Mintmiiin. 

Maximnm. 

Hinimum. 

TADgentlftlly 

IiODiitadliiftny  . . . 

7.8725  0 
7.3771  I 
7. 8574  0 

7. 2887  M 
7. 2718  M 
7.2875  I 

88488  0 
88236  I 
84630O 

2MMM 
80947  H 
88218    I 

AbbrevialioDi :  0=apecimen  taken  fttnn  exterior  of  ring:  I=apeciinen  taken 
from  interior  of  ring,  next  the  bore ;  II «  specimen  taken  from  middle  of  ring. 

Initial  tension, 

Kx tenor  diameter  of  ring inches..     57.15 

W^idth  of  slot,  before  rnptare ..do 5 

Width  of  slot,  after  rapture do 6615 

Tnial  extension  on  exterior do 1615 

ExteDsion  per  linear  inch  on  exterior do 000899511 

Initial  tension pounds..     15,750 

WATERTOWN  TESTS. 

Tensile  strength. 
Specimens: 

Number  of 2. 

Leu^h  of  specimen  between  datum  lines inches..  28.5 

Diameter do....     1.129 

Area  of square  inches..     1 

Hardness inches . .  15. 82 

Specific  gravity do....     7.2394 

Utiniate  strength  at  rupture : 

Watertown  No.  422  (S.  B.  I.  Works,  No.  4)=25, 000  pounds  per  square  inch. 
Wstertown  No.  423  (8.  B.  I.  Works,  No.  5)=26,970  pounds  per  square  inch. 

The^  two  tensile  specimens  were  taken  from  the  breech  ring.    They 
were  taken  out  tangentially  and  next  to  the  bore. 

MUZZLE  Rnro. 


Initial  tension. 

Eit**rior  4ia™eter  of  ring inches. 

Width  of  slot,  before  rupture do... 

Width  of  slot,  after  rupture do... 

ToUl extension  on  exterior do... 

Extension  per  linear do . . . 

bitisl  tension  inch  on  extension pounds. 


25.76 
.49 
.50 
.01 

.000123 
3,560 


The  initial  tension  (3,500  pounds)  above  given  is  ba«ed  upon  the  tests 
of  the  longitudinal  specimens  taken  from  the  breech  ring. 

The  tests  of  the  specimens  from  the  muzzle  ring  were  all  made  at 
Watertown  Arsenal  and  have  not  yet  been  received  at  this  office. 

Centbe  op  Gravity. 


The  gQQ  was  designed  to  be  without  preponderance,  hence  the  axis 
of  the  tmnnions  had  to  be  so  placed  as  to  intersect  the  axis  of  piece  at 
the  center  of  gravity. 
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DETERMINATION. 

(1)  By  calculation. — The  calculated  position  of  this  center  was  deter- 
mined by  assuming  the  gun  to  be  homogeueons  cast-iron  and  to  have  the 
steel  bushing  and  steel  breech  block  in  place.  The  weights  of  the  bash- 
ing and  block  were  calculated  bj  assuming  the  average  density  for 
homogeneous  gun  steel.  In  this  determination  the  console,  lever,  hauger, 
and  spindle  were  neglected. 

This  method  placed  the  center  of  gravity  of  the  gun  239.8  inches 
from  the  muzzle. 

(2)  By  balancing  wooden  model  one-tenth  size, — A  model  was  made  of 
hard  pine,  with  the  breech  block  of  the  same  material.  The  wood  used 
for  this  model  was  as  uniform  in  texture  as  could  be  procured,  and  the 
model  was  one-tenth  (iVth)  the  size  of  the  finished  gun  with  the  tmn-i 
nions  omitted.  The  mass  of  the  trunnions  being  symmetrically  dis- 
posed about  the  center  of  gravity  would  not  affect  its  position. 

This  model  was  then  balanced  on  a  knife  edge,  keeping  the  bore  hori- 
zontal, and  the  distance  of  the  center  of  gravity  from  the  muzzle  meas- 
ured. By  this  method  the  center  of  gravity  of  the  gun  was  240  iucLesj 
from  the  muzzle.  , 

(3)  By  balancing  the  gun  itself, — It  was  deemed  desirable  to  determiDei 
the  center  of  gravity  as  accurately  as  could  be  done  by  experiment,  in 
order  to  check  the  results  of  calculation  and  determine  what  variation! 
would  be  found  due  to  variations  in  density,  in  departure  from  the  pre- 
scribed dimensions  in  manufacture,  &c. 

For  this  purpose  the  gun  was  finished  upon  the  exterior  and  interior, 
the  breechblock  and  bushing  inserted,  the  console  hung  upon  the  rear 
end  so  that  its  center  of  gravity  occupied  the  same  position  as  when  the 
mechanism  should  be  assembled,  and  the  trunnions  were ''  rough  turued,'' 
leaving  the  diameter  as  great  as  possible.  The  projection  on  the  bushing 
intended  to  engage  the  lever  on  tbe  final  assembly  of  the  parts  was  left 
necessarily,  but  its  weight  was  offset  by  the  omission  of  the  lever  and 
hanger.  The  trunnions  were  leveled  on  sections  of  railroad  irou  and 
the  axis  of  the  bore  made  horizontal.  The  breech  was  supported  by  a 
rope  suspended  from  a  hook  attached  to  a  scale-beam  so  as  to  weigh  the 
preponderance  directly.  The  rope  was  placed  in  contact  with  the  face 
of  the  breech.  The  distance  from  the  face  of  the  breech  to  the  ctMiter 
of  the  rough  trunnions  was  measured.  No  platform  scales  of  sufiicient 
capacity  to  weigh  the  gun  being  available, its  weight  had  to  beassumed. 
The  weight  determined  by  calculation  was  54  tons,  of  2,000  pounds  each, 
or  108,000  pounds.  The  diagram  (not  drawn  to  scale)  and  notation 
given  below,  exhibit  the  method  pursued. 


M=muzzle;  B=breech;  M  6=axis  of  gun;  D=center  of  rongh 
trunnions;  Cr=center  of  gravity  of  gun;  P= preponderance  referred 
to  ceuter  of  rough  iruunious,  determined  by  the  steelyards;  P'=com- 
ponent  of  the  weight,  acting  at  D,  obtained  by  difference  :  W=weight 
of  gun  (calculated) ;  a=measured  distance  from  center  ot  rough  trun- 
nions to  face  of  breech ;  d?=distance  center  of  gravity  in  rear  of  center 
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of  Toagh  trannions;  a — a^adistance  of  center  of  gravity  from  face  of 
breech. 
Then 

W=ria8,000pound8.  P=:d64poand8.  a=r  120.2  inches. 

Hence: 

p/=W-.P=108,000--864=107,136  pounds. 

Now, 

Pa 
W:P::a:x=^ (1) 

Or  108,000  lbs. :  8G4  lbs.  ::  120'^2 :  ^=0'^9616=:distance  of  center  of 

gravity  in  rear  of  axis  of  rough  trunnions. 
And 

fl— jr=120''.2— 0''.9616=119".2384=distance  of  center  of  gravity  from 

breech. 
And 

W:P'::a:y=^* (2) 

or  108,000 :  107,136 ::  120''.2 :  y=:119".201)3=di8tance  of  center  of  gravity 

from  face  of  breech. 

Or  a— y=120''.2— 119.2093=a?'=0".9907=di8tance  of  center  of  gravity 

of  gun  in  rear  of  axis  of  trunnions. 

These  values  of  x  show  a  difference  of  0''.0291,  which  is  reasonably 
close  considering  the  coarse  means  of  measurement  and  weighing.  The 
le8ser  value,  0^^964-  was  assumed  to  be  the  distance  that  the  axis  of 
the  trunnions  should  be  moved  to  the  rear.  But  the  diameter  of  rough 
trnnDion8=:16''.9;  diameter  of  finished  trunnion8=15'' ;  difference=:l".9; 
i  difterence='^95=the  greatest  distance  the  trunnion  axis  could  be 
iDored  towanis  the  rear. 

The  axis  of  the  trunnions  was  then  ordered  to  be  placed  as  far  to  the 
rear  as  the  metal  would  allow,  consistently  with  proper  finishing.  This 
distance  was  found  to  be  only  ".95  insteafl  of ''.96  as  required  by  calcu- 
lation.   This  places  the  axis  of  the  trunnions  at  119.25  from  the  breech. 

RECAPITULATION. 

Distance  of  center  of  gravity  from  innzzle  of  piece  as  detennined. 

Inches. 

1.  By  ealonlatioiiy  as  per  drawing =239.8 

2.  By  balancing  wooden  model  ^  size =240.0 

3.  By  balancing  gnn  and  snlisequent  compntatiou =240. 76 

4.  Aetual  position  of  trunnions =240. 75 

REMARKS. 

« 

The  greater  part  of  the  measurements  upon  this  gun  were  made  by 
Lieut  H.  D.  Borup,  Ordnance  Department,  U.  8.  A.,  Assistant  In- 
spector of  Onlnance  at  this  foundry,  who  has  also  rendered  valuable 
assistance  in  the  preparation  of  this  report. 
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Table  VI. — Record  of  measurements  with  star  gauge  of  l^-ineh  cast-iron  B,  L.  rifle. 


§ 

Diameter  of  bore. 

of  rifling. 

a 

Diameter  of  bore. 

of  rifling. 

ce  from 
sle. 

0  ^ 

• 

'a 

^ 
S 

fl  s 

-§ 

s 

h 

a  S 

• 

u 

a  *i 

1 

1 

1 

*  a 

1 

1 

S 
M 

•1 

■0 

1 

1 

9 

OD 

1 

§ 

1  "^ 

Q 

n 

>■ 

5 

P 

Inehss. 

f 

5 

Inches. 

In. 

In, 

Inches. 

Inches. 

t 

Inches.  ' 

In. 

Inches. 

1 

12.001 

11.999 

12.120 

74 

11.990 

12. 014 

12.118 

147 

2 

12.001 

11.999 

12. 120 

76 

11.900 

12.013 

12.118 

,  148 

3 

12.001 

11.999 

12.120 

7« 

12.000 

12.  Oil 

12. 118 

140 

4 

12.001 

11.999 

12.119 

77 

12.000 

12,007 

12. 118 

150 

5 

12. 002 

11.999 

12. 119 

78 

12.000 

12.  Oil 

12. 1185 

151 

6 

12.001 

11.999 

12. 120 

79 

12.000 

12.009 

12.118 

152 

7 

12.001 

11.999 

12.120  1 

80 

12.000 

12.000 

12.118 

153 

8 

12. 002 

11.999 

12. 119 

81 

12.000 

12.000 

12. 118 

154 

9 

12. 002 

11.999 

12.119  1 

62 

12.000 

12. 000 

12.  Ii8 

165 

10 

12. 001 

11.999 

12.119  ' 

83 

12.000 

12.000 

12. 118 

1  156 

11 

12. 001 

11.909 

12.119  , 

84 

12.000 

12.000 

12.118 

1  157 

12 

12.000 

11.998 

12. 120 

85 

12.000 

12.  008 

12.117 

158  ! 

18 

11.999 

11.998 

12. 120 

80 

12. 001 

12.008 

12. 118 

150  1 

14 

11.999 

11.998 

12. 120 

87 

12.001 

12.  007 

12. 118 

160  : 

15 

11.999 

11.998 

12.120  , 

86 

12.001 

12.006 

12.118 

,  1« 

16 

11.999 

11.998 

12.120  ' 

89 

11.008 

12. 013 

12.119 

*  162 

17 

11.999 

11.998 

12.119  1 

90 

11.009 

12. 013 

12.118 

163 

16 

11.999 

11.998 

12.119  : 

91 

11.999 

11.000 

12. 118 

164 

19 

12.000 

11.998 

12.119  ; 

92 

11.998 

11.008 

12.118 

166 

20 

11.996 

11.996 

12.119 

93 

11.999 

11.  998 

12.118 

166 

21 

12. 000 

11.998 

12.119  1 

1   94 

11.999 

11. 998 

12. 118 

167 

22 

12.000 

11.999 

12.119  ' 

95 

12.000 

12.000 

12.118 

168 

23 

12.000 

11.099 

12.119  , 

90 

12. 000 

12. 000 

12.118 

169 
170 

24 

12.000 

11.999 

12. 120  1 

97 

11.999 

12.000 

12.118 

25 

11.999 

11.999 

12.121  , 

98 

11.999 

11.999 

12. 119 

171 

26 

11.998 

11.999 

12.120  1 

99 

11.998 

11.999 

12.  119 

172 

27 

11.998 

11.999 

12.120  1 

100 

11.998 

11.999 

12. 1185 

178 

28 

11.998 

12.000 

12.120 

101 

11.998 

11.999 

12. 119 

174 

20 

11.998 

12.002 

12. 118 

1  102 

11.9985 

11.999 

12. 119 

175 

30 

11.998 

12.002 

12. 118 

'  103 

11.998 

11.999 

12.119 

176 

31 

11.998 

12.  002 

12. 118 

104 

11. 998 

11.999 

12. 119 

177 

32  11.998 

12.002 

12.118 

105 

11.998 

11. 999 

12.120 

178 

83  11. 908 

12.  002 

12. 117 

106 

11.999 

11.998 

12.119 

179 

34  11. 998 

12.002 

12.117 

107 

11. 998 

11.  998 

12.119 

180 

86 

11. 998 

12. 002 

12. 118 

106 

11.998 

11. 998 

12. 119 

181 

36 

11.998 

12.001 

12.118 

109 

11.999 

11.998 

12. 118 

182 

37 

11.999 

11.999 

12.118 

110 

11.999 

11.908 

12.118 

183 

38 

11.999 

11.998 

12. 118 

111 

11.900 

12.000 

12.118 

184 

39 

11.999 

11.909 

12. 119 

112 

11.090 

11.009 

12. 118 

185 

40 

11.999 

12. 000 

12. 119 

113 

12.000 

11.999 

12.118 

!  186 

41 

11.999 

11.999 

12. 120 

114 

12.000 

11. 999 

12.119 

187 

42 

11.998 

11.999 

12. 120 

115 

11.999 

11.000 

12. 119 

188 

43 

11.999 

11.999 

12. 120 

!  116 

12.000 

11.090 

12. 119 

189 

44 

11.999 

11.998 

12. 118 

117 

11.999 

12,000 

12.120 

190 

45 

11.999 

11.998 

12. 118 

118 

11.999 

12.  000 

12.119 

191 

46 

11.999 

12.000 

12.119 

119" 

11.998 

11.009 

12.119 

192 

47 

11.998 

12.000 

12. 119 

120 

11.998 

12.  000 

12.120 

193 

48 

11.999 

12.000 

12. 119 

121 

12. 000 

12.000 

12.120 

104 

49 

11.998 

11.999 

12. 120 

122 

1L999 

12.  000 

12. 119 

105 

60 

11.999 

11.998 

12.120 

123 

11.909 

11.000  * 

12.118 

106 

61 

11.999 

11.998 

12. 119 

124 

11.999 

12.000 

12.117 

107 

62 

11.999 

11.999 

12.120 

125 

12. 000 

12.000 

12. 1175 

198 

63 

11.099 

11.999 

12. 120 

126 

12.000 

11.999 

12. 117 

100 

54 

11.999 

12.003 

12.119 

127 

11.999 

11.999 

12.117 

200 

65 

11.999 

12.  006 

12. 119 

128 

12.000 

11.999 

12. 118 

201 

66 

12.000 

12.004 

12.119* 

129 

12. 000 

11.  999 

12.119 

202 

57 

11.998 

12.  004 

12. 120 

130 

12.  000 

11.999 

12. 119 

203 

58 

12.000 

12.005 

12. 120 

131 

12.000 

11.990 

12. 120 

204 

69 

11.999 

12.004 

12.120 

132 

12.000 

11.999 

12.120 

205 

60 

12.000 

12.003 

12. 119 

133 

11. 999 

12.000 

12. 120 

206 

61 

11.999 

12.000 

12. 119 

134 

12.000 

12.000 

12.119 

207 

62 

11.999 

12. 0005 

12. 119 

135 

12. 000 

12. 000 

12. 119 

208 

68 

11.999 

12. 0005 

12.119 

136 

12.000 

12.000 

12.118 

200 

64 

11.999 

12.0005 

12.119 

137 

12.000 

12.  001 

12, 118 

210 

65 

11.908 

12.003 

12. 118 

138 

12.000 

12. 001 

12.118 

211 

66 

11.999 

12.004 

12.  119 

139 

12. 001 

12. 001 

12.118 

212 

67 

12.001 

12.008 

12.120 

140 

12.000 

12.000 

12. 1175 

218 

68 

12.002 

12.009 

12.120 

141 

12.000 

12.000 

12.118 

1  214 

69 

12.002 

12.012 

12.119 

142 

12.000 

12.000 

12. 119 

215 

70 

12.000 

12.013 

12. 119 

143 

12.000 

12.000 
12.001 

12. 119 

216 

71 

11.999 

12.  014 

12.119 

144 

11.999 

12.119 

217 

72 

12.000 

12. 015 

12.119 

145 

11.999 

12.  001 

12.118 

218 

73 

12.000 

12.015 

12.119 

146 

11.999 

12.001 

12.120 

I  210 

Diameter  of  borou 


Indies. 

12.000 

12.000 

12.000 

12. 000 

12.000 

12.000 

11.090 

11.900 

12.000 

12.000 

12.000 

11.000 

11.009 

11.090 

12.000 

12.000 

12.000 

12.000 

12.000 

11.090 

12.001 

12.001 

12.001 

12.001 

12.000 

12.000 

12.001 

12.060 

11.9095 

12.000 

12.000 

12.000 

12.000 

12.000 

12.000 

11.999 

11.099 

11.090 

11.000 

11.099 

11.999 

11.998 

11.090 

11.000 

12.000 

12.001 

12.001 

12.000 

12.000 

12.000 

12.000 

12.001 

12.000 

12.000 

12.000 

12.000 

12.000 

11.  0005 

11.008 

11.000 

11.998 

11.908 

11.908 

1L008 

11.008 

11.998 

11.908 

11.008 

11.008 

11.006 

11.006 

11.098 

11.008 


InAes. 

12.001 

12.001 

12.000 

12.001 

12.001 

12.001 

12.001 

12.000 

12  001 

12.001 

12.001 

11.009 

11.090 

11.090 

1L099 

11.909 

11.906 

11.098 

11.999 

11.908 

11.006 

11.999 

12.001 

12.001 

12.000 

12.001 

12.001 

12.002 

12.002 

12.001 

12.002 

12.002 

12.001 

12.001 

12.000 

12.000 

11.909 

11.998 

11.000 

12.000 

12.000 

12.000 

12.000 

12.000 

11.999 

11.090 

11.090 

11.090 

11.090 

11.909 

11.990 

12.000 

12.909 

1L999 

11.900 

11.000 

11.099 

11.000 

11.000 

11.000 

12.000 

12.000 

12.000 

12.000 

12.000 

12.000 

12.000 

12.000 

12.000 

12.000 

11.000 

12.000 

ILOOO 


a 


e 
fa 

9 

8 


Imhts. 

11119 
12.119 
12=  119 

12.  lias 

1S-119S 

12.  IM 

12.118 

12. 318 

12.  lU 

12.  lie 

12.  IW 

12.111 

12.119 

12.120 

12.121 

12.119 

12-130 

12.120 

12. 119 

12.11J? 

12.  IW 

12.  lie 

12-11* 

12.118 

12.119 

12.119 

12.120 

12.120 

12.121 

12.121 

12.121 

12.120 

12.120 

12. 119 

12.119 

12.1:29 

12.119 

12.120 

12,120 

12. 119 

12.119 

12.119 

12.118 

12.119 

12.119 

12. 119 

12.119 

12-119 

12. 121 

12.120 

12.119 

12.119 

12. 119 

12.120 

12119 

12.1135 

12. 119 

lilie 

12119 

12.119 

12.119 

12.119 

12.119 

12.119 

12.119 

12.118S 

12.118 

12.119 

12.119 

12.118 

12117 

12.  U8 

12U75 
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Table  VL^Reeord  of  meoiuremenUf  ^o. — Contiimed. 


§       Dtemeterofbon. 

• 

1 

o 

1 

Inehs$, 
11118 
111185 
11121 
111205 
111205 
11121 
11121 
11 121 
11121 
11 1185 
11118 
11118 
11121 
11122 
11121 
11121 
111215 
11122 
'  11121 
11121 
11121 
11121 
11121 
11120 
11120 
11120 
111205 
11121 
111206 
111205 
11121 
11122 
11121 
11121 
11122 
11121 
11122 
11122 
11121 
11121 

si 

m 
Q 

Diameter  of  borob 

• 

■c 

1 

1 

SB 

■ 

In. 
305 
806 

!  307 
808 
809 
810 
811 
312 
313 
314 
315 
316 
317 
818 
319 
320 
321 
322 
323 
324 
325 
826 

1  827 
828 
820 

.  380 
881 
832 
838 
334 
835 
33^ 
337 
388 
830 
340 
341 
842 
843 

Diameter  of  bore. 

1*  1 

1 

Ineksi. 

11.000 

ILOOO 

11.000 

ILOOO 

ILOOO 

1LOO0 

ILOOO 

1L9065 

1L996 

1L909 

1L906 

1L996 

1L999 

1L999 

1L996 

1L099 

1L996 

1L999 

n.906 

iLogo 

1L999 
1L999 
1L990 
1L999 
11000 
11000 
1L909 
1L990 

1 

1, 

1 

s 

1 

1 

/«.   >  /flMA«f . 

^  1  11.996 

In, 
260 
261 
262 

I   263 
264 
265 
266 
267 
266 
260. 
270* 
271 
272 
278 
to 
281 
282 
288 
284 
285 
266 
287 
288 
289 
290 
201 
292 
203 
204 

'   205 

■   206 
207 
206 
200 
300 

,   801 
802 
808 
804 

Inehst. 
11000 
11000 
11000 
11000 
11000 
11000 
11000 
11000 
11000 
UOOO 
UOOO 
11000 
UOOO 
111000 
^Front  8l 

11400 
11400 
11498 
11499 
11497 
11498 
11496 
11497 
11496 
13.495 
11496 
11497 
18.495 
11497 
11497 
11497 
11498 
11497 
11498 
18.497 
11497 
11497 
11497 

Inche9. 
1LP99 
1L999 
1L999 
11.999 
n.990 
1L900 
UOOO 
1L999 
n.900 
1L008 
1L008 
1L008 
1L006 
1L008 
Lepe  of  cli 

InehM. 
U121 
11120 
11120 
11120 
11121 
11120 
U  1205 
U1205 
U121 
11120 
11121 
U121 
11121 
11120 
I  amber. 

Ineh€». 

11487 

11497 

11497 

11497 

11497 

11497 

11496 

11497 

11496 

11497 

11497 

11498 

11497 

11498 

11497 

11497 

11497 

11498 

11496 

11498 

11496 

11497 

11498 

11498 

11496 

11497 

11497 

11496 

11498 

11498 

11498 

11496 

11497 

11497 

11497   . 

Inch4a. 

221  '  11.908 

2e  i  1L966 

2B  '  11.906 

254  i  11.906 

235  1  11.906 

ZH     1L908 

227  1  IL  906 

SS8  !  11.906 

S9    iiiiloT 

380     11.096 

SI     11. 996 

2C     11.996 

83     11.996 

S4     11.906 

85     1L907 

96     11.906 

8T    IL996 

SB    1L907 

89    11.906 

, 

9I()    1L096 

Ml     11. 906 

212     11.096 

M3    1L096 

2M     11906 



HS    ItOOO 

.••......I- - 

216  ;  11.909 

M7  ;  1L909 

M8  !  11.909 

949    1L909 

SSO    11.909 

1 

SI    12.000 

1L990 
1L9O0 
1L9O0 
1L9O0 
1L9O0 
1L9O0 
11000 
1L909 
1L909 

S2    11000 

83    UOOO 

94    UOOO 

' 

355    UOOO 

86    11000 

^ 

357    UOOO 

•  •  *  ■      *     • 

>  Bear  alope  of  chamber. 

331    1LOO0 

SO    11.909 

TiBLB  l.^Suaem€niaf  foMoaHon  of  ordnance  for  iht  Borvioe  of  lA«  United  Siaiei  by  the 
South  BcoUm  Iron  nork$f  at  the  South  Boston  Foundry,  under  the  eupervieion  of  Capt. 
D,  A,  Lyle, 

[U-inch  oaat-ircm  B.  L.  R.  gm.    Cast  Hay  6, 1664.    Inapected  April  1, 1685.] 

CHABGB. 
JrontMed. 


Grade  of  iron. 

Fanaoes. 

No.L 

No.l 

Nofl 

TotaL 

Ko.  1 

Tone. 
0 
7 
9 
8 
12 

Tont. 
0 
7 
9 
6 
12 

Tone. 
0 
7 
9 
6 
12 

Tont. 

0 
21 
27 
24 
86 

Ko.2  .-•- 

No.  8*.  bard 

No.  8.  aoft 

BfliMlted 

Total 

M 

86 

86 

108 

*  Claaaed  as  No.  4  Biehmond  at  this  foundry. 

(M  wiiiwid.~Noi  kept  accnrately ;  approximately,  55  tons. 
^  ttsC  ttiekt.~-SXo  reoord  kept. 
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BBCORD  OF  CASTING. 


Furnaces  fired.  May  6,  at  2  a.  m. 

Melted  down  at  11  a.  m. 

Time  of  melting,  9  honrs. 

Time  in  fusion,  5h.  25m. 

Gun  cast  at  4.25  p.  m. 

Time  occupied  in  casting,  23  minutes. 

Temperature  of  water  entering  core-bar- 
rel, 52  degrees. 

Temperature  of  water  leaving  core- barrel, 
8b  degrees. 

Rate  of  water  per  minute.  40  gallons. 

Fire  kindled  in  pit,  May  6,  5.30  p.  m. 

Fire  in  pit  went  out.  May  7,  11.30  p.  m. 


Fire  in  pit  bamed  30  hoars. 
Water  shut  off,  May  6,  at  10  a.  m.  ^ 
Core-barrel  removed  at  11.30  a.  m.  'v' 
Water  entered  gun  at  12  m.  :  ^ 

Rate  of  water  per  minute,  40  gaIloDB.,>^ 
Temperature  of  water  entering  goa: 

degrees.  • 

Temperature  of  water  leaving  gun,  116 

Rate  of  water  changed ,  May  12,  at  9  a« 

to  5  gallons. 
Total  time  in  cooling  gun,  158^  hoori* 


GOOLlNa  TABLES. 


Core-barrel. 



» 

iS 

^ 

i 

a 

1 

g 

1 

i 

1 

t 

£ 

o 

Sr 

o 

V 

o 

.Z 

> 

« 

m 

1 

P 

88 

n 

21 

Q 

m 

*41 

61 

P 

77* 

87 

2 

88 

22 

77 

*42 

62 

86 

8 

88 

28 

77 

48 

iib 

63 

86 

4 

86 

24 

78* 

44 

112 

64 

85 

6 

84 

25 

7? 

45 

110 

65 

84 

6 

88 

26 

75 

46 

108 

66 

83 

7 

81 

27 

75 

47 

107 

67 

82 

8 

80 

28 

75 

48 

105 

68 

81 

9 

80 

29 

74 

40 

103 

69 

80 

10 

80 

80 

74 

50 

101 

70 

79 

11 

79 

81 

78 

51 

99 

71 

78 

12 

70 

82 

71 

52 

98 

72 

77| 

18 

79 

88 

71 

^ 

96i 

78 

77 

U 

79 

84 

71 

95 

74 

76 

16 

79 

t5 

70 

55 

94 

76 

76 

10 

79 

86 

70 

66 

93 

76 

75 

17 

70 

87 

70 

57 

92 

77 

74 

18 

79 

88 

60 

58 

91 

78 

74 

19 

78* 

39 

60 

50 

89 

79 

^^ 

20 

78 

40 

60 

60 

88 

80 

73 



.      .  .. 



_ 

Core-bairekremoTed. 


t 

i 

g 

9 

i 

a 

o 

1 

• 

e 

1 

81 

Q 
73 

n 

P 

w 

101 

61 

121 

82 

72 

102 

60 

122 

88 

72 

108 

60 

128 

84 

71 

104 

60 

124 

W 

70 

105 

50 

125 

86 

60 

106 

59 

126 

87 

684 

107 

58 

127 

88 

68 

108 

58 

128 

89 

St 

109 

58 

129 

90 

110 

58 

130 

01 

66 

111 

58 

181 

92 

65i 

112 

58 

132 

93 

65 

113 

58 

133 

94 

64 

114 

58 

134 

95 

634 

115 

58 

135 

96 

63 

116 

68 

136 

97 

62 

117 

67 

137 

98 

62 

118 
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MECHANICAL  TESTS. 


(See  p.  484  Eeport  of  Chief  of  Orduaiice,  U.  S.  A.,  for  1884,  and  b 
of  this  report.) 

TENSILE  STRENGTH. 

(See  above  remark.) 

INITIAL  TENSION. 
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Breech , 
MxuEzle. 


Exterior 

diameter 

of  ring. 


Inohe9. 
57.15 
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dUmeter    Thicknew 
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'*'i6.58 


Inehet. 
8 
3 


Inch, 
0. 1615 
0.01 


Cironmference .  Exteneioii  per     j^ 


of  exterior 
of  ring 


Inehet. 

170.  544* 

80.0276 


inch  of 
circumferenoe. 


Inch. 

.000899511 

.000123 


ten 


I 


*  From  data  giren  by  long  specimen  taken  firom  breech  ring. 

Rkicarkb. — The  entire  o^ration  and  soperintendence  of  and  responsibility  for  the  castind 
nnder  the  direction  of  the  founders,  and  the  only  saperriaion  exercised  by  the  inspectors  vu  tl 
qaired  by  the  contract,  so  far  as  it  provides  for  inspections  at  every  stage  of  the  manafactare^ 
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CONSTRUCTION  REPORT  OF  THE  l^INCH  CAST-IRON  RIFLED  MORTAR, 

HOOPED  WITH  STEEL. 

Bt  Ca«  .  •  D.  A.  Ltlk  and  Libut.  H.  D.  Boruf,  Okdnancb  Department. 

(5  plates.) 

TIME  EMPLOYED. 

The  cast-iron  body  for  this  mortar  was  contracted  for  under  date  of 
September  24, 1883.  The  mortar  was  finished,  fitted,  assembled,  rifled, 
and  Tented  nuder  a  contract  dated  June  28, 1884,  and  was  ready  for 
shipment  November  29,  1884.  Thus,  it  was  1  year,  2  months,  and  5 
days  from  the  date  of  the  first  contract  until  the  finished  product  was 
ready  for  shipment. 

The  time  required  would  have  been  less  had  it  not  been  for  the  delay 
necessary  to  obtain  a  proper  grade  of  iron  and  to  make  experimental 
mixtures  for  trial  cylinders. 

DfiSOBIPTION. 

This  mortar  consists  of  a  cast-iron  body  with  the  reinforce  encircled 
and  compressed  by  two  rows  of  steel  hoops. 

THE  CAST-IRON  BODY. 

The  body  is  divided  into  the  breech,  reinforce,  shoulder,  chase,  and 
bore. 

Tbe  breech  is  sphero-segmental  with  a  radius  of  34.5  inches.  Its  sur- 
face is  joined  to  that  of  the  reinforce  by  a  surface  whose  radius  of  cur- 
Yalure  is  4.5  inches. 

The  reinforce  is  cylindrical  and  extends  &om  the  breech  to  the  shoulder 
ID  front. 

The  shoulder  is  cylindrical  and  of  larger  diameter  than  the  reinforce, 
to  which  it  is  connected  in  rear  by  a  curved  surface  whose  radius  is  0.25 
.    of  an  inch. 

Tbe  chase  is  a  frustum  of  a  cone. 

The  bore  is  cylindrical  with  a  cyliudro-elliptical  chamber. 

THB  8TEBL  HOOPS. 

These  are  14  in  number,  consisting  of  13  cylindrical  or  common  hoops 
made  of  Midvale  steel,  and  one  trunnion  ring  or  hoop  made  of  Whit- 
irorth  steel.    They  are  arranged  in  two  rows  or  layers,  as  follows : 

First,  or  inside  row,  eight  hoops,  viz :  A]  At  A3  A4  A5  As  A7  Ag. 

Second,  or  outside  row,  six  hoops,  viz:  Bi  B3  (trunnion)  B3  B4  B5  B^. 

Bows  A  and  B  are  both  numbered  from  the  front. 
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▲LLOWED  VARIATIONS. 

From  prescribed  diameters: 

In  turning 0.O0:i 

In  boring ; 0. 003 

From  parallelism  of  ends 0. 003 

For  eccentricity 0. 003 

For  conicalness 0,OG3 

From  absolute  shrinkage : 

Between  cast-iron  body  and  inner  row  of  hoops \  "^   fSi 

Between  the  two  rows  of  hoops J  in    OOO 

For  finishing  out  on  bore f  jlo '^ 

For  finishing  exterior  of  row  B -f  (y'.Q& 

Depths  of  rifling : 

Maximum « O.OGS 

Minimum 0.06D 

Joints  or  spaces  between  hoop,  snot  prescribed. 

PRINCIPAL  DIMENSIONS. 

Total  length  of  mortar Inches..  127.45 

Length  of  rifled  portion  of  bore do 92 

Length  of  chamber do 19.25 

Total  length  of  bore do 111.25 

Diameter  of  bore .^ do....  11.99s 

Diameter  of  chamber do....  11.848 

Thickness  of  metal  at  breech do....  16.2 

Body- 
Reinforce  : 

Length  under  hoops  of  row  A do....  65.75 

Length  under  hoops  of  row  B do....  54.75 

Diameter  before  hooping  (approximate) do....  "31. 03 

Shoulder — 

Length do....  4 

Diameterm do....  32.53 

Chase- 
Length do 49.5 

Diameter  rear  base do....  32.53 

Diameter  front  base  (muzzle) do....  22.54 

BTEBL  HOOPS. 

Row  A  (inside  row) : 

Number  of 8 

Total  length  of  hoops Inches..    65.75 

Diameter  of  hoops — 

Interior do f30.99 

Exterior  (except  Ai) do t35.93 

Thickness do f2.5 

Hoop  Ai: 

Diameter  exterior do....  t37.1 

Thickness do 13.05 

Row  B  (outside  row) : 

Number  of. 6 

Total  length  of  hoops .:... Inches..    54.75 

Diameter  of  hoops — 

Interior do....  t35.89 

Exterior  (except  Ba) do...,  t41.50 

Thickness do....     t2.8 

Trunnion  hoop  (Bt) : 

Length do tl4.00 

Diameter — 

Interior do....  f35.89 

Exterior do....  t42.45 

Thickness do....    t3.28 


• 


The  diameter  of  oast-iron  body  yaries  for  the  different  zones  under  the  hoopa. 
t  Approximate. 
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'ranmoiis: 

Length inches..  6 

Diameter do 11.99 

^uUnoe  from  tranniona  to  muzzle do....  74.92 

RIFUNO. 

The  rifling  is  polygroove,  having  an  equal  number  of  lands  and  grooves,  and  with 
le  twist  first  increasing  and  then  uniform  to  the  muzzle. 

DBTA1L8. 

frooves: 

Number 40 

Width .• inches..    0.6425 

Depth : do....     0.0595 

Width  of  lands do 3 

Radius  of  fillet,  bottom  of  lands do 06 

Lands  rounded  with  radius  of do 01 

Nrist: 

Increasing;:  at  origin,  one  turn  in  100  calibers ;  at  3.5  inches  from  muzzle, 

1  turn  in  35  calibers 

Uuifomi :  at  3.5  inches  from  muzzle,  1  turn  in  35  calibers ;  at  muzzle,  1 

turn  in  •&  calibers 

Total  length  of  rifled  portion  of  bore inches..        92 

Length  of  bore  having  increasing  twist do.. .        88.5 

Length  of  bore  having  uniform  twist do...  3.5 

VKNTINQ. 

The  vent  (0.2  inch  in  diameter)  has  a  copper  bashing,  witti  a  cyl- 
indrical body  1  inch  in  diameter,  terminating  atone  end  in  a  screw  of 
8  threads  per  inch,  .98  inch  in  diameter  for  2.875  Inches  of  its  length. 
At  the  other  end  is  a  head  0.75  inch  long,  whose  lower  cylindrical  por- 
tion (1.5  inches  in  diameter)  is  flash  with  the  highest  part  of  the  hoop, 
while  the  projecting  portion  is  hexagonal,  to  facilitate  its  removal,  when 
necessary,  by  means  of  a  wrench.  The  lower  end  of  the  vent-bashing 
18  shaped  to  the  carve  of  the  surface  of  the  chamber. 

POSmON  OF  VENT. 

Distance  from  bottom  of  chamber inohea..    4.95 

Diateooe  to  left  of  vertical  plane  through  axis do...    3 

HARKS. 

This  mortar  is  marked  apon  the  face  with  the  following  letters  and 
characters  placed  in  a  circle  concentric  with  the  bore,  vie :  'M2-In. — S. 
B.  I.  W.— 1884.— D.  A.  L,— Wt.  30330  lbs.» 

FABBIGATION. 
CASTIKO  FOR  THE  BODY. 

The  contract  provides  that  ^'  all  these  [foar  other  castings  are  incladed 
in  provision]  castings  shall  be  made  hollow  and  be  cooled  from  the  in- 
terior (except  as  hereinafter  provided  for)  by  a  carrent  of  air  or  water, 
the  exterior  at  the  same  time  being  kept  hot  either  by  a  flre  bailt  around 
the  flask  within  the  casting  pit,  or  by  filling  the  space  between  the  flask 
and  the  pit-walls  with  some  suitable  non-conducting  material,  as  may 
be  desired  by  the  United  States.  Specimens  of  the  metal  taken  from 
the  lower  end  of  the  sinking  heads  shall  in  each  have  an  ultimate  tenac- 
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ity  of  uotless  than  30,000  pounds  nor  more  than  37,000  poands  per  sqnan 
inch.  The  exterior  dimensions  of  the  rongh  castings  shall  be  snch  ai 
to  allow  the  finishing  of  the  gans  to  accurately  conform  to  the  dimen 
sions  given  in  the  drawings  hereto  attached,  and  also  to  assure  a  aai 
form  surface  when  finished ;  and  the  castings  shall  be  sound,  free  froo 
cavities,  soft  spots,  and  flaws.'' 

In  addition  to  these  general  specifications,  the  following  pertain  es 
pecially  to  the  body  for  the  12-inch  mortar: 

'^  The  casting  for  the  body  for  the  twelve  (12)  inch  mortar  shall  U 
made  breech  down,  and,  inclusive  of  the  sinking  head,  shall  be  nearli 
cylindrical — ^the  exterior  diameter  at  no  place  being  less  than  at  thi! 
breech — ^the  total  length  exclusive  of  the  sinking  head  being  grea 
enough  to  allow  for  a  cylinder  eighteen  flS)  inches  long,  to  l^  takei 
from  next  the  muzzle.  The  weight  of  tne  sinking  head  shall  be  ai 
least  one-sixth  {i)  of  the  total  weight  of  the  rongh  gun  casting  and 
cylinder.  The  part  of  the  casting  to  which  steel  hoops  are  to  be  a{K 
plied  shall  be  turned  to  within  four- tenths  (k^)  of  an  inch  of  the  fin 
ished  diameter;  the  remainder  of  the  exterior  shall  be  finished  turned.*' 

TRIAL  CYLINDER. 

The  contract  specified  that  '^  the  cast-iron  used  for  these  guns  [fooi 
others  were  included  in  same  contract!  shall  be  of  charcoal  pig,  and  of  the 
standard  quality  prescribed  by  the  Ordnance  Department  for  the  maD- 
ufactare  of  heavy  guns,  the  kinds  and  proportions  of  pig  metal  to  be 
about  the  same  as  shall  be  employed  in  a  trial  cylinder  of  the  usual  form 
and  dimensions  employed  by  the  Ordnance  Department  for  this  par^ 
pose  (see  drawing  attached),  to  be  previously  cast  by  the  party  of  the 
first  part  (the  S.  B.  I.  W.)  •  •  •  •  Specimens  from  each  cylinder 
to  show  an  elastic  limit  of  about  11,000  pounds  per  square  inch,  and  ao 
ultimate  tenacity  of  not  less  than  30,000  nor  more  than  37,000  poaods 
per  square  inch." 

Several  small  cylinders  were  cast  as  a  preliminary  to  casting  the  tnaJ 
cylinder,  in  order  to  experiment  on  different  mixtures  of  pig-iron,  and 
procure  such  mixture  as  would  fulfill  the  requirements  of  the  contract. 

Four  standard  trial  cylinders  were  cast  before  the  company  were  sat- 
isfied  to  submit  one  to  the  Department  for  testing. 

The  third  cylinder  cast  was  selected  by  the  S.  B.  I.  Works  as  the  one 
most  likely  to  possess  the  required  qualities,  and  was  turned  over  to 
the  Government  for  testing.  This  cylinder  was  cut  up  and  tested  at 
Watertown  Arsenal,  except  the  tenacity  specimens  given  in  the  appendix 
to  this  report.  ^ 

DIMENSIONS  OF  TRIAL  CYLINDBR. 

Incbu. 

Length 1 60 

Cross-seotion — ellipse: 

Transverse  axis..... 24 

Conjugate 16.5 

The  mortar  was  not  cast  until  March  1, 1884,  the  intervening  time 
(five  months  and  seven  days  from  date  of  contract)  being  taken  np  in 
experimenting  on  proper  mixtures  of  iron,  endeavoring  to  procure  proper 
quality  of  pig-iron,  and  in  cutting  up  and  testing  the  specimens  firam 
the  trial  cylinders,  and  submitting  the  results  to  the  Department  foriU 
action. 

For  furnace  charges,  cooling-table,  and  details  of  casting,  see  appendix. 
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THE  BXPBRIMKNTAL  CYUNDBR. 

An  experimental  cylinder  and  initial  tension  ring  were  cut  from  the 
muzzle  end  of  the  casting.  The  initial  tension  ring  was  cat  for  initial 
tension,  and  rhen  had  the  necessary  specimens  taken  from  it  for  testing. 

The  object  of  experiments  on  this  cylinder  was  to  ascertain  the  be- 
havior of  the  castiron  and  steel  hoops  under  the  calculated  shrinkages, 
and  learn  what  modifications  would  be  necessary  in  the  application  of 
the  hoops  to  the  castiron  mortar  body.  A  separate  report  of  these 
experiments  will  be  forwarded  as  soon  as  it  is  completed. 

The  mortar  b<Kly  was  ready  for  the  reception  of  the  hoops  on  April 
19,  except  the  finishing  cut  upon  the  exterior  zones  under  the  hoops, 
which  couhl  not  be  taken  until  the  hoops  were  finished  and  the  shrink- 
ages determined. 

HOOPING. 
CONTRACT  SPECIFICATIONS. 

In  regard  to  the  hooping,  the  contract  of  June  28, 1884,  specified  that 
"the  hoops  will  be  applied  to  the  cast-iron  body  in  a  horizontal  posi-- 
tion,  and  for  this  operation  the  party  of  the  first  part  must  supply  a 
suitable  press  to  keep  the  joints  between  hoops  accurately  closed  while 
the  applied  hoop  is  cooling,  and  a  circular  sprinkling  arrangement  to 
hasten  the  cooling  slightly  at  the  (front)  end  of  the  hoop.  The  heating 
of  the  hoops  for  shrinking  will  be  so  conducted  as  to  insure  a  uniform 
and  not  excessive  temperature— just  sufficient  to  allow  the  hoops  to  be 
slipped  into  place.  During  hooping  a  current  of  cold  water  will  be  cir- 
calated  through  the  bore. 

INSTRUCTIONS  OP  THE  CHIEF  OP  ORDNANCE,  U.  S.  ARMY,  BEGABDINa 

THE  HOOPING. 

"The  diameter  for  the  inner  row  of  hoops  to  be  31  inches  and  for  the 
enter  row  35.9  inches.  The  work  must  conform  to  the  prescribed  dimen- 
sions to  within  the  variations  allowed  by  the  contract.  As  regards  the 
respective  lengths  of  the  hoops,  slight  variations  from  the  prescribed 
lengths  are  allowable,  provided  that  the  sum  of  the  lengths  shall  equal 
the  length  of  the  part  to  be  hooped.  The  distinctive  mark  of  each  hoop, 
as  A],  As,  Bi,  &c.,  should  be  preserved,  and  when  turning  for  the  pre- 
scribed shrinkages  the  part  to  be  hooped  will  be  divided  into  zones, 
and  each  zone  be  turned  with  special  reference  to  the  hoop  correspond- 
ing to  it,  observing  the  order  of  the  hoops  shown  in  the  drawing.*  " 

MEASUBEMENTS  OF  HOOPS. 

After  "facing"  the  ends  of  each  hoop  to  bring  it  to  the  required 
length,  with  the  planes  of  the  faces  parallel,  and  turning  the  interior 
snrface,  the  hoops  were  ready  for  the  first  measurement.  The  first  step 
was  to  mark  and  number  four  diameters  45^  apart  upon  one  end,  which 
was  designated  throughout  the  work  as  "  the  face." 

The  lengths  of  the  hoop  were  measured  both  on  the  interior  and  ex- 
terior at  the  points  where  these  diameters  intersected  the  interior  and 
exterior  circumferences  of  the  hoop. 

The  interior  diameters  were  measured  in  the  planes  of  the  rectilinear 
elements,  cat  out  by  the  Heries  of  planes  passing  through  the  axis  and 
the  four  diameters  marked  consecutively,  as  above  stalt^. 

*  OffloiAl  copy  of  blae  print  of  12-inoh  M.  L.  R.  mortar,  dated  March  15, 1834. 
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The  four  rectilinear  elements  correaponding  to  the  marked  ends  of 
the  four  diameters  were  outlined  on  the  interior  surface  of  the  hoop  by 
'  means  of  a  try-square  and  scratch-awl,  and  then  chalked.  On  each  oif 
these  chalked  elements  a  series  of  points  were  marked  with  pencil,  as 
follows:  At  0.1  inch  trom  each  end,  and  at  intervals  of  1  inch  from  the 
0.1  inch  poiu  t  next  to  the  marked  face.  The  last  interval,  or  longitudinal 
space,  was  generally  greater  than  one  (1)  inch,  as  the  1-inch  space  would 
bring  it  quite  close  to  the  point  0.1  inch  from  the  bottom. 

The  zones  on  the  exterior  of  the  mortar  body,  and  on  the  exterior  of 
row  A,  were  finished,  turned  after  their  corresponding  hoops  had  been 
bored  or  turned  on  the  interior  and  measured. 

The  measured  interior  diameters  of  the  hoops  and  the  calculated 
shrinkages  form  the  data  for  turning  the  exterior  surfaces  or  zones. 

Four  diameters  and  four  rectilineal  elements  were  similarly  outlined 
and  marked  upon  the  exterior  of  the  body,  and  first  row  of  hooping 
(Bow  A),  to  indicate  the  planes  of  measurement. 

The  lengths  of  the  hoops  were  measured  with  vernier  beam-calipers. 
The  lengths  of  the  zones  on  the  mortar  body  and  exterior  of  Bow  A 
.were  measured  with  a  Brown  &  Sharpe  scale. 

The  interior  diameters  of  the  hoops  were  measured  with  adjustable 
"points." 

'  These  points  are  steel  wires  surrounded  by  a  wooden  body^  to  prevent 
the  heat  of  the  hand  from  expanding  the  metal.  One  end  is  movable, 
and  can  be  screwed  in  or  out  with  a  pin- wrench.  The  lengths  of  these 
"points"  were  determined  after  each  measurement  by  means  of  the 
vernier  beam-calipers  a<1opted  as  the  arbitrary  standard  to  which  all 
measurements  were  referred. 

The  exterior  diameters  of  all  zones  or  hoops  were  measured  by  the 
diameter  calipers  furnished  from  Frankford  Arsenal  which  are  sensitive 
to  .001  inch,  and  may  be  readily  estimated  to  .0005  inch. 

(See  diagram  opposite.) 

LIST  OF  MEASUREMENTS  REQUIRED  BY  THE  OPERATIONS  OF  HOOPING. 

CAST-IBOX  BODY  12-INGH  M.  L.  R.  MORTAR. 

Bore. — Horizontal  and  vertical  diameters  should  be  measured  at  the  front  end, 
middle,  and  rear  end  of  eaoh  hoop.  [These  measurements  shonld  extend  from  tbe 
bottom  of  the  bore  to  a  point  in  front  of  the  hoops  where  no  farther  compression  of 
the  bore  will  take  place  (in  this  case  about  5  inches).  ] 

Theoe  measurements  should  be  made  with  the  star  gauge  as  follows: 

(1)  After  boring  to  11.95. 

(2)  After  application  of  Row  A. 

(3)  After  turning  exterior  of  Row  A  (not  done  in  this  instance). 

(4)  After  application  of  Row  B. 

(5)  After  turning  exterior  of  Row  B. 

(6)  After  finish  boring  to  12  inches. 

(7)  After  rifiing:  (a)  Across  lands;  (b)  across  grooves. 

Exterior. — Zones  corresponding  to  each  hoop  (measured  with  Frankford  diameter 
calipers). 

(8)  Four  diameters  45°  apart  in  each  right  section;  (a)  for  section  0.1  inch  from 
each  end  of  zone;  (b)  for  sections  1  inch  apart  throughout  zone,  beginning  at  a  point 
corresponding  to  0.1  inch  from  marked  face  of  hoop. 

HOOPS. 

Each  hoop  before  applioation. 

(9)  Length  (width)  on  exterior  at  ends  of  4  diameters,  45^  apart,  with  vernier  cali- 
pers. 

(10)  Length  (width)  on  interior  at  ends  of  4  diameters,  45^  apart,  with  vernier  cali- 
pers. 


►  _ 


PLAN. 


SECTION  AND  ELEVATION. 
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(U)  Parallelism  of  faces  at  ends  of  4  diameters,  45°  apart  (straight  edge,  try- 
4}nire,  and  above  measnrements  are  nsed  to  determtDe  parallelism). 

{U)  Interior  diameters,  four,  45°  apart  for  each  transverse  section  (adjustable  rods 
isd  vernier  calipers).  i^HOrh 

{a)  At  0.1  inch.  frojB  each  face  (adjustable  rods  and  vernier  calipers). 
:b)  At  1  inch  apart  thronghout  whole  length  of  hoop  (adjustable  rods  and  vernier 
mlipeis). 

After  application  Sow  A. 
• 

(13)  Spaces  between  hoops  eqnal  opening  of  joints  at  top  and  bottom  (standard 
rsM  slips  nsed). 

(14)  Length  of  row  of  hooping,  top,  bottom,  and  sides  (steel  scale). 

EsUrior  diameter-eontB  of  Bow  A  corresponding  to  each  hoop  of  Bow  B, 

(15)  After  turning  exterior  ^w  A  to  proper  zones  for  Row  B. 

(a)  At  0.1  inch  from  each  end  of  zone  (vernier  calipers). 

(b)  At  1  inch  apart  thronghout  zone  (vernier  calipers). 
Row  B  (16,  17,  18,)  same  as  13,  14, 15,  for  Row  A. 

NUMBER  OF  HEASUREMENTS. 
Hoops :  Row  A» 


Hoop. 

Length. 

Interior 
diuneten. 

1 

Mortwrsones 
nnder— 

Length. 

Bxterior 
dlsmeters. 

Ai 

16 

28 

Ai 

28 

Ai 

16 

36 

As 

86 

Aj 

16 

80 

At 

36 

A4 

16 

86 

A4 

86 

Ai 

16 

82 

Af 

82 

Am 

16 

86 

Am 

86 

Ar 

16 

86 

Ar 

86 

A« 

1 

16 

86 

Aa 

86 

Sams 


224 


Hoops:  Boxo  B. 


Bi 

16 

Bs(tninnion) 

16 

Bt 

16 

B4 

16 

Be 

16 

B< 

16 

60 
86 
36 
86 
80 


512 


Correspond' 

ing  Bones 

of  row  A, 

under^— 


5» 

Bi 
Bt 

B4 

Bi 

B« 


60 


Total 


Number  of 
meaearemente. 

From  above  table 1,304 

Length  of  hooped  surface  : 

Kow  A,  at  4  points,  90^  apart 4 

Row  B,  on  top  and  bottom 2 

Spaces  between  hoops : 

Row  A,  at  4  points,  90°  apart 32 

RowB,  at  4  points,  90^^  apart 24 

Extra  Star-gange  measurements  of  diameters  rendered  necessary  by  hooping. .  192 

Grand  total 1,558 

N.  B.— These  measurements  are  exclusive  of  those  usually  taken  on  guns  of  same 
form.    The  latter  measurements  are  inserted  In  the  inspection  report,  as  usual. 


182         REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

Kuniber  of  men  required  for  ehrinking  koope  on  l^inek  M,  L,  B,  meriar. 

Foreman  in  charge  of  men • \ 

Taking  temperatures  of  water  in  bore  and  reading  gae-meter 1 

To  a^Jnet  hoop,  tend  heater,  and  a^Jnat  preaenre  collar....' : 

To  tend  gas  and  blast  cooks  and  manage  hoisting  apparatus 1 

To  tend  the  hydraulic  j|ack  and  apply  the  pressure ] 

To  handle  the  water  nng—one  on  top  of  the  mortar  and  one  on  each  side i 

To  note  the  time  and  superintend  the  yarious  operations  of  the  hooping 1 

To  record  all  data,  make  notes,  and  verify  the  lengths  of  the  maximum  and  mini- 
mum wires  used  for  measuring  the  expansion  of  the  hoops. 1 

Total  number  of  men  required U 

[NoTB. — ^The  functions  of  the  last  two  men  were  performed  by  the  inspectors.] 

APPARATUS  FOR  HOOPINa. 

[  Plates  II-V.  ] 

The  general  arrangement  of  the  apparatQS  for  hooping  is  shown  in 
Plates  I  and  II.  Plate  I  gives  a  side  elevation,  and  Plate  II  a  plan  and 
partial  horizontal  section,  of  the  mortar  and  apparatus  at  the  instant 
when  the  last  hoop  of  row  B  was  in  position  on  the  piece,  and  just  before 
the  acUustment  of  the  water-ring  for  cooling  the  hoop. 

The  mortar  was  placed  upon  a  wooden  cradle  with  the  mnzzle  resting 
in  a  transom,  to  which  it  wa«  attached  by  an  iron  strap.  A  bolster  was 
placed  under  it  near  the  cylindrical  shoulder  at  the  rear  end  of  the  chase^ 
and  the  rear  end  of  the  mortar  was  supported  by  a  screw-jack  placed; 
under  the  turning  tenon.  This  jack  was  removed  by  dragging  to  ooe 
side  while  the  hoop  and  pressure-collar  were  being  passed  over  the 
piece ;  but  was  replaced  immediately  thereafter. 

The  device  for  cooling  the  bore  is  made  of  iron  in  two  parts,  ooncen- 
trie,  and  so  constructed  as  to  slide  within  each  other  on  an  incline  and 
produce  a  wedging  action  sufficiently  great  to  develop  friction  enough 
to  retain  the  muzzle-plug  and  support  the  pressure  of  the  water  in  the 
bore.  The  water  enters  through  a  pipe  into  the  chamber  of  the  mazzle- 
plug,  whence  it  flows  through  the  bore,  and  makes  its  exit  by  means  of 
a  pipe  extending  through  the  muzzle-plug  to  within  a  few  inches  of  the 
bottom  of  the  bore.  The  quantity  of  water  is  regulated  by  suitable  stop  • 
cocks. 

The  hydraulic  jack  (power  equal  to  95  to  100  tons)  is  bolted  at  the  base 
to  the  muzzle-plug.  Its  piston  presses  against  a  cross- head,  to  which 
the  longitudinal  tension  bars  for  transmitting  the  pressure  to  the  collar 
or  ring  in  rear  of  the  hoop  is  keyed  with  steel  wedges.  The  tension-bars 
have  a  series  of  holes  for  the  insertion  of  the  steel  keys  in  adjusting  the 
lengths  of  the  bars  to  correspond  to  the  positions  of  the  several  hoops. 

The  rear  ends  of  the  tension-bars  are  y-sb^P^y  so  as  to  engage  the 
slotted  ears  or  pressure-lugs  on  the  sides  of  the^  collar. 

The  pressure-collar  is  suspended  by  a  ring-bolt,  to  which  is  fastened  a 
pulley  and  fall  attached  to  a  movable  carriage  on  the  elevated  rail  over- 
head. ^ 

The  hoop  is  similarly  suspended  in  the  heater,  except  that  the  ring- 
bolt is  replaced  by  a  split  ring  of  wrought  iron  for  sustaining  tiie  hoop. 
This  split  sustaining-ring  is  assembled  at  the  top  by  a  bolt  and  key 
passing  through  two  eyes.  As  soon  as  the  hoop  is  in  position  on  the  piece 
this  key  and  bolt  are  knocked  out^  the  ring  opened  and  moved  forward 
to  be  out  of  the  way  of  the  water-nng  during  the  cooling  of  the  hoop. 

As  soon  as  the  gas  is  extinguished  and  the  hoop  is  swungclear  of  the 
heater  the  latter  is  shifted  to  one  side  on  the  lateral  railway,  shown  in  plan 
in  Plate  III,  to  enable  the  pressure-collar  to  be  brought  up  from  the  rear. 

The  hoisting  apparatus  is  placed  in  rear  on  a  line  with  the  axis  of  the 
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piece.    The  stop-cooks  whioh  reKulato  the  gas  and  air  blast  are  placed 
near  thia  apparatoa,  so  that  one  man  can  attend  to  all  three. 

A  2  inch  rubber  pipe  makes  a  flexible  connection  between  the  air  and 
gas  pipes  and  the  gas-fiimace. 

The  gas  heater  or  ftimace,  Plates  II,  III,  lY,  is  made  of  gaspipe  let 
into  a  aietallio  nave.  It  resembles  a  wheel,  and  has  28  radial  arms  or 
spokes  of  gas-pipe — ^14  for  the  outside  and  14  for  the  inside  burners — ^ar- 
ranged 0O  that  the  burners  alternate  or  break  joints,  as  it  were,  on  the 
exterior  and  interior  of  the  hoop. 

Each  arm  carries  3  burners,  making  a  total  of  84  burners.  The  aper- 
tute  of  each  bomer  is  elliptical,  0'M875  by  (K'.8125,  (^  x  HO  ^  ^^^ 
burners  with  circular  apertures  were  tried,  but  did  not  prove  so  satis- 
factory as  the  flaring  burners. 

Each  radial  arm  is  made  in  two  parts,  sliding  one  within  the  other, 

for  ailljusting  the  burners  to  the  proper  distances  from  the  hoop. 

The  wider  the  hoop  the  more  burners  are  required  on  each  arm. 

The  water-ring  or  sprinkling  apparatus  for  cooling  the  hoops  is  made 

in  two  curved  segments  hinged  at  their  upper  ends,  so  as  to  open  and 

close  with  facility.    The  segments  are  arcs  of  a  circle  with  60  inches 

radius.    The  ftont  face  of  each  segment  is  fitted  with  19  movable  gas 

brackets  and  burners  placed  4.25  inches  apart,  each  with  a  stop-cock. 

The  usual  silicate  tip  of  the  fish-tail  burner  forms  to  nozzle  for  each  jet 

and  produces  a  thin  sheet  of  water.    When  in  action  the  slits  of  these 

tips  are  all  adjusted  to  coincide  with  a  plane  parallel  to  the  plane  of  the 

gas-pipe  segments,  and  their  juxtaposition  produces  a  thin  sheet  of  water 

completely  encircling  the  hoop,  except  a  small  space  at  the  bottom. 

This  arrangement  enables  the  operator  to  cool  any  particular  section 

of  the  hoop  that  he  may  desire.    Even  with  a  full  head  of  water  not 

more  than  2^  inches  in  length  of  the  hoop  is  cooled  by  this  sheet, 

which  spreads  laterally  upon  impact. 

The  only  trouble  is  in  the  loss  of  the  tips,  which  are  occasionally 
thrown  out  by  the  force  of  the  water,  or  broken  by  striking  the  gun  or 
hoops  in  oscillating  to  and  fro  when  the  whole  surface  of  the  hoop  is 
being  cooled.  Extra  tips  are  kept  at  hand,  and  it  is  but  the  work  of 
an  instant  to  replace  one  broken  or  lost. 

The  water  may  be  let  on  in  both  segments  or  in  only  one,  and  may 
be  shut  off  from  any  particular  jet. 

The  drawings  do  not  show  this  device  in  use.    It  is  hoisted  into  place 
by  the  pulley  and  fall  which  carries  the  suspended  hoop  while  heating, 
and  replaces  the  split  ring  which  encircles  tiie  hoop,  as  shown  in  Plate 
U.  as  soon  as  the  hoop  is  in  place. 
This  apparatus  was  very  successful  in  its  operation. 

LEKQTH  OF  EXPANSION-BODS    EMPLOYED  FOB  TESTINO  THE  EXPAN- 
SION OF  THE  HOOPS  WHILE  HEATING. 

B&w  A, 


Hcwpik 

Length  of  rod« 

HftximiuB. 

Hlnimam. 

ii:::::::: 

At 

A4 

Ai 

Ai 

l:;::::::: 

8L18M 
81.1800 
81. 18M 
8L1046 
81.1046 
81.1086 
81.1041 
81.1056 

81.0996 
81.0906 
81.0096 
81.0786 
81.0786 
81.0726 
81  0781 
81.0746 
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The  lengths  of  the  rods  for  Ai,  As,  and  A3  are  governed  by  the  exte- 
rior diameter  of  the  fillet  on  the  mortar  corresponding  to  the  depth  of 
the  groove  accidentally  cut  in  A3.  Their  proper  lengths,  depending  on 
their  own  diameters,  woald  have  been  the  following: 


Hoops. 

Length  of  rod. 

Kaximam. 

Minimum. 

ForAi 

Aa 

A* 

81. 1041 
81. 1043 
81. 1055 

81. 0731 
31.0734 
31. 0745 

LENGTH  OP  EXPANSION-RODS  EMPLOYED  FOB  TESTINa  THE  EXP  AH- 

SION  OF  THE  HOOPS  WHILE  HEATINO. 

Bow  B. 


Hoops. 

Length  of  rod. 

Haximnm. 

Ifiaimnm. 

Bi 

.88. 0817 
88.0210 
88.0211 
88.0210 
86.0228 
88.0211 

86.8858 
85l0851 
86.0882 
85l0851 
85.0664 
86.9662 

Bs (trnimlon) ... 
Bt 

B4 

Be 

Bt 

METHOD  OF  HOOPING. 

At  this  Stage  of  the  fabrication  the  cast-iron  body  for  the  mortar  is 
supposed  to  be  bored  np  to  within  0^^05  of  the  finished  diameter,  and  the 
zones  into  which  the  exterior  surface  is  conceived  to  be  divided  are 
turned  to  their  prescribed  diameters,  including  the  shrinkages. 

The  necessary  measurements  ou  the  exterior  and  in  the  bore  have 
also  been  made. 

FIRST  ROW  OV  HOOPe — (ROW  A.) 

Preparatory  work. 


(1. 

(2. 
(3. 

(4. 
(5. 

(6. 


Facing  ends  of  hoops  to  make  them  paralleL 

Turning  interior  of  hoops. 

Measuring  interior  diameters  and  length  of  hoops. 

Placing  mortar  on  cradle  in  a  horizontal  position  for  hooping. 

Attaching  water  apparatus  for  cooling  bore. 

Placing  hydraulic  jack,  tension  bars,  &c.,in  position  to  hold  hoops 


firmly  in  place  while  cooling. 

(7.)  Suspending  pressure  collar  or  ring  ready  for  use. 

(8.)  Attaching  water  apparatus  for  cooling  hoops  to  rolling  pulley- 
block  ready  for  hoisting. 

(9.)  Placing  and  adjusting  small  railway  for  gas-heater  in  rear  of 
mortar. 

(10.)  Mounting  gas-heater  upon  railway. 

(11.)  Attaching  gas  and  air  blast  pipes  to  heater. 

(12.)  Suspending  and  acynsting  hoop  in  sustaining-ring,  and  attach- 
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iDg  latter  to  a  rolling  palley-block  mnning  on  an  elevated  rail  depend^ 
eot  from  the  ceiling. 

(13).  Verifying  the  lengths  of  themazimam  and  minimum  expansion- 
rods  by  means  of  the  standard  vernier-beam  calipers. 

(14).  Taking  initialreading  of  gas-meter. 

(15).  Turning  on  water  in  bore. 

(16).  Measaring  number  of  gallons  per*minate  that  flows  through 
bore. 

(17.)  Taking  temperature  of  water  flowing  from  hydrant. 

OPEBATIOHS. 

The  mechanical  operations  of  shrinking  on  hoops  may  be  divided  into 
three  stages:  1,  Heating;  2,  Putting  on;  3,  Cooling. 


HEATING. 


Thia  consists  in  suspending  the  hoop  in  the  gas-heater  so  that  the 
two  circles  of  gas-burners  (one  around  the  interior  and  the  other  around 
the  exterior  surface  of  the  hoop)  are  placed  at  a  distance  from  the  sur- 
face of  the  hoopy  varying  from  0''.75  to  r^5,  depending  on  the  pressure 
of  the  gasy  the  pressure  of  the  blast,  and  the  strength  of  the  currents 
of  air  developed  by  the  heating  or  resulting  from  the  wind  pouring 
through  cracks,  doors,  &c.,  in  the  foundry.  These  distances  must  be 
adjusted  to  suit  the  conditions  present  in  each  individual  case,  in  order 
to  get  the  maximum  heating  eft'ect  per  cubic  foot  of  gas  and  to  secure 
uniformity  in  heating.  After  adjusting  the  hoop  in  the  heater,  the  gaa 
is  turned  on  and  lighted.  The  blast  is  turned  on  immediately  and  ad- 
justed without  delay.  After  heating  a  proper  length  of  time,  deter* 
mined  approximately  by  the  previous  trials  with  the  experimental  cyl- 
inder, the  degree  of  expansion  is  tested  with  the  minimum  rod.  To  do 
this,  the  hoop  is  swung  forward  clear  of  the  gas-jets  and  one  end  of  the 
rod  placed  just  within  the  edge  at  the  bottom  (as  it  hangs)  of  the  hoop, 
and  then  the  upper  end  is  passed  back  and  forth  parallel  to  the  face  of 
the  hoop  to  find  the  highest  point  at  which  it  should  enter  if  the  hoop 
be  sufficiently  expanded. 

Tins  measurement  should  be  made  as  quickly  as  possible  to  avoid  un- 
necessary loss  of  heat  by  radiation  and  the  hoop  allowed  to  swing  back 
in  the  flames  until  sufficiently  expanded.  The  hoops  were  heated  until 
the  minimum  rod  entered,  and  then  for  a  fhrther  interval-  determined  by 
the  judgment  of  the  inspector  in  charge.  This  interval  was  in  no  case 
saificient  to  cause  an  expansion  of  the  hoop  great  enough  to  admit  t*he 
maximum  expansion-rod  for  that  hoop. 

PUTTING  ON. 

When  the  hoop  was  expanded  until  its  interior  diameter  fell  within 
the  prescribed  limits,  the  gas  was  extingaished  and  without  delay  the 
hoop  was  carried  forward  to  the  breech  of  the  mortar  by  the  rolling  of 
the  suspended  pulley-block,  engaged  and  slipped  forward  on  the  mortar 
body.  The  suspended  pressure  collar  or  ring  was  similarly  brought  up 
and  placed  upon  the  mortar  and  the  two  were  pushed  to  the  front  until 
the  hoop  brought  up  in  its  position  against  the  shoulder  of  the  mortar 
body  or  the  preceding  hoop.  As  soon  as  the  hoop  was  in  position  the 
tension  bars  were  locked  in  the  pressure  collar  and  the  pump  of  the  hy- 
draalic  jack  rapidly  operated  until  the  collar  was  brought  to  a  moderate 
bearing  against  the  hoop.    Just  about  the  instant  of  clamping,  which. 
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had  to  be  estimated,  the  fnll  pressure  of  the  jack  was  exerted  and  so 
continned  to  be  exerted  antil  the  hoop  was  cold. 

To  prevent  loss  of  time  in  a^nstiui;  the  tension  bars,  blocks  whose 
lengths  are  equal  to  the  widths  of  the  boop  with^k  slight  excess,  are  cat 
and  used  to  adjust  the  lengths  of  the  tension  bars  to  correspond  with 
the  distance  from  the  head  to  the  rear  face  of  the  pressure  collar  when 
the  hoop  is  interposed.  Th%  keys  are  then  set  in  the  front  end  and  the 
bars  spread  apart  slightly  and  the  blocks  removed.  With  this  arrange- 
ment all  that  is  needed  after  the  hoop  and  pressure  collar  are  pushed  for- 
ward to  their  proper  positions,  is  to  rotate  these  bars  horizontally  toward 
the  mortar  until  they  are  fully  engaged  in  the  slotted  lugs  on  the  sides 
of  the  pressure  collar.  The  pump  on  the  jack  may  be  operated  immedi- 
ately. 

COOLINO. 

The  water  was  turned  on  in  the  mortar  to  keep  the  bore  cool,  about 
the  time  the  hoop  was  adjusted  in  the  heater.  After  the  hoop  was  in 
position  and  a  moderate  pressure  applied,  the  water  ring  was  hoisted 
and  lowered  into  place,  encircling  the  hoop.  The  estimated  interval 
for  the  hoop  to  cool  sufficiently  to  clamp  the  piece  lightly  was  allowed 
to  elapse  and  then  the  water  was  turned  on  around  the  front  edge  of 
the  hoop  to  hasten  the  grip  at  that  point.  M^ean  while  the  full  power  of 
the  press  was  exerted  to  keep  the  joints  between  the  hoops  as  small  as 
possible.  The  water  plane,  for  such  it  virtually  was  from  the  method 
of  construction  of  the  ring,  was  at  proper  intervals  moved  successi velj 
to  a  point  1  inch  in  rear  of  the  front  face,  to  the  middle  of  the  hoop 
and  to  the  rear  end,  pausing  about  one  minute  in  each  position. 

The  ring  was  then  swayed  back  and  forth  so  as  to  deliver  the  water 
firom  the  middle  of  the  preceding  hoop  to  the  rear  of  the  hoop  being 
shrunk  on.  This  process  prevented  an  objectionable  rise  of  tempera- 
ture in  the  hoop  previously  applied  and  at  the  same  time  cooled  the 
hoop  operated  upon  rapidly  enough.  This  swaying  of  the  water  ring 
was  continued  until  the  exterior  of  the  hoops  and  gun  were  cold.  The 
temperature  of  the  water  coming  from  the  bore  was  taken  at  intervals 
of  one  minute  throughout  the  operation.  It  was  found  that  the  press- 
ure collar  became  heated  sufficiently  from  contact  with  the  rear  face  of 
the  hoop  to  interfere  materially  with  the  cooling  of  the  hoop.  To 
obviate  this  as  much  as  possible  a  Johnson  hand  force-pump  was  used 
to  throw  a  stream  of  waticr  around  the  rear  end  of  the  collar  and  tx) 
keep  the  mortar  body  under  it  cool.  The  oscillations  of  the  water  ring 
were  increased  sufficiently  to  allow  the  water  to  strike  upon  the  front 
end  of  the  collar  and  thus  materially  assist  in  keeping  down  its  tem- 
perature. After  the  first  hoop  was  on  and  as  soon  as  the  second  hoop 
was  in  position,  the  water  was  turned  on  at  the  middle  of  the  preceding 
hoop  to  keep  it  as  cool  as  possible,  without,  however,  allowing  the 
water  to  strike  the  heated  hoop  until  it  begun  to  (;lamp  the  mortar 
This  course  was  also  followed  with  good  results  for  the  remaining  hoops. 

HOOPS  OF  ROW  B. 

The  operations  attending  the  shrinking  on  of  this  row  of  hoops  were 
'dentical  with  those  employed  for  £ow  A. 
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Temperature  of  water  <«  hare  during  hooping, 
iFlow  of  wftter  through  bore  =  35  gallons  per  minute.] 


Soop. 


Temperature  of  water  in  bore. 


Ai 

Ai 

▲• 

Ju 

A* 

Ai 

1» 

Bi 

B«(tni]ioioB| 

B,  

B4 

B. 

Be  


a 
t 


o 

65.75 

65.75 

65.76 

65.75 

65.75 

65.50 

65.50 

65.50 

56. 

56L 

5& 

6&5 

56. 

56. 


a 

e 

a 

I 

■ 

a 


o 
65.75 
65.75 
65.75 
05.75 
65  75 
65.5 
65.5 
6.'>.5 
56. 
56. 
56. 
5&5 
56. 
56. 


e 

0 

1 

S      I 

a 

0 

B 

H 

<l 

94 


& 
I 

o 
S 


o 

o 

66.75 

1. 

66. 

0.25 

66. 

0.25 

66. 

0.2.<( 

66. 

0.25 

66. 

0.5 

66. 

0.5 

05.75 

0.25 

56. 

0.U 

57. 

1  0 

57. 

1.0 

57.5 

1.0 

56. 

0.0 

56. 

0.0 

1 

r 

a 


65.75 

65.75 

65.75 

65.75 

65.75 

65.5 

65.5 

05.5 

56. 

56. 

56. 

56.5 

56. 

56. 


Time  after  hoops 
in  position. 


Before. 


t 
B 

s 

O 


15 
15* 
U 
16 

17 
16 
11 

9 

* 

27 
17 

16 

* 

* 


H 


44 

35| 

37 

30 

24 

22 

20 

89 


53 
28 
28 


M 

§ 

I 

O 


46 

39 
82 
26 
24 
22 
80 


53 
28 
81 


Duration  of— 


8 

a 

e 

i 

P4 


6 
1 
1 
1 
1 
8 
8 
1 


6 
7 
5 


s 

0 

g 

a 

a 

0 

a 

.*« 

S 

94 


22 

10 

28 

14 

7 

2 

4 

27 


16 
8 
4 


i 
a 

o 
« 

a 


8 
1 
1 
1 
1 
8 
4 
1 


6 
8 
4 


*  No  oh/bge  in  temperature. 

KoTt.— Thermometer  readings  were  taken  by  an  assistant  at  intervals  of  one  minute  fh>m  the  in- 
itsBl  the  hoop  was  in  position  until  it  was  oold. 
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REMARKS  ON  THE  OPERATIONS  OF  HOOPING. 

Row  A. 

Pre88ar6  was  always  gradually  applied  at  first  as  the  Loop  cooled. 
The  collar  brought  the  hoop  to  a  firm  bearing  at  once,  and  just  about 
the  instant  of  clamping  the  full  power  of  the  95ton  hydraulic  jack  was 
exerted  and  kept  at  full  pressure  until  the  hoop  was  cold. 

Boop  Ai. — At  the  beginning  of  the  heating  only  one-third  of  the  gas 
pressure  was  on — full  pressure  let  on  at  9.48  a.  m.  This  hoop  was 
heated  somewhat  unequally;  the  top  and  bottom  were  hotter  than  the 
sides,  due  to  the  upward  draft  caused  by  the  rapid  rising  of  the 
heated  air,  which  resulted  in  a  current  that  defiected  the  fiames  from 
the  burners  at  the  sides,  so  that  they  did  not  strike  the  hoop  inces- 
santly. At  10.02  a.  m.  the  color  of  the  heated  hoop  was  purple  above 
and  brown  at  the  sides;  at  10.03  it  was  purple  at  the  bottom;  at  10.06 
a.  m.,  when  the  minimum  wire  entered,  the  bottom  showed  a  blue  color. 
This  part  of  the  hoop  had  the  highest  temperature. 

jHoop  Af. — At  11.40  a.  m.,  color  of  hoop  light  brown:  at  11.41  a.  ro., 
blue  at  top;  at  11.43  a.  m.,  dark  brown;  at  11.46  a.  m.,  orown  with  pur- 
ple spots.  At  12.07  p.  m.,  shut  off  water  from  sprinkler  for  one  minute, 
and  at  12.12  shut  off  water  for  one-half  minute,  to  prevent  too  rapid 
cooling.  Water  was  turned  on  preceding  hoop  A^  at  11.52  a.  m.  to  pre- 
vent it  becoming  heated  from  contact  with  A2. 

Hoop  A3. — ^The  colors  of  this  hoop  were  about  the  same  as  those  of 
A,.  At  2.62  water  in  sprinkler  shut  off  for  10  seconds;  at  2.59 J  for  30 
seconds;  and  shut  off  again  at  3.02.  At  3.03  water  turned  on  left  side 
only;  at  3.04  turned  on  over  entire  hoop.  At  3.05  the  water  was  shut 
off  for  1  minute,  and  again  at  3.08  for  2|  minutes. 

Note. — ^The  temperature  of  the  three  hoops  Ai,  A,,  and  A3  were 
higher  than  would  have  been  necessary  to  expand  them  for  the  shrink- 
ages corresponding  to  their  own  proper  diameters.  The  extra  heating 
was  rendered  imperative  in  order  to  expand  them  sufficiently  to  go  over 
a  slight  fillet  turned  on  the  body  of  the  mortar  upon  the  rear  of  the 
zone  corresponding  to  A3.  This  fillet  was  turned  to  fit  a  corresponding 
groove  accidentally  cut  on  the  interior  of  A3.  This  groove  was  nearly 
an  inch  in  length,  and  extended  around  the  interior  cylindrical  surface 
of  the  hoop. 

Hoop  A4. — Water  turned  on  preceding  hoop  (A3)  at  3.59  p.  m.,  to  pre- 
vent its  becoming  heated  by  contact  with  A4.  The  water  was  turned 
off  A|  at  4.19  p.  m.  for  2  minutes,  and  at  4.23  p.  m.  for  2  minutes,  to 
prevent  too  rapid  cooling.  It  was  found  that  the  cast-iron  pressure 
collar  or  ring  became  heated  through  by  its  contact  with  the  heated 
hoop.  To  keep  this  ring  cool  a  Johnson  hand  force-pump  was  used,  and 
the  stream  of  water  directed  around  the  rear  face  of  the  ring  and  upon 
the  surface  of  the  mortar  under  and  in  rear  of  it. 

Began  using  Johnson  pump  at  4.15  p.  m.  Water  hoop  or  sprinkler 
required  45  seconds  for  its  removal  after  hoop  was  cold. 

Hoop  Ay — Water  turned  on  A4  at  ^Mi  P*  m-  Johnson  pump  on  at 
5.18  p.  m.    At  5.21  p.  m.  water  shut  off  for  2  minutes. 

Hoop  As. — This  hoop  was  put  on  after  dark,  and  the  city  use  of  the 
gas  diminished  the  pressure  considerably,  and  required  a  longer  time 
to  heat  the  hoop.  Water  turned  on  As  at  7.41|^  p.  m.  Johnson  pump 
used  at  7.53  p.  m.  Shut  off  water  7^53°'.40*.  for  ^  minute,  and  at  7.57  p. 
m.  for  1|  minutes.    Water  hoop  removed  in  45  seconds. 

Hoop  A7. — Water  turned  on  Ae  at  8.45  p.  m.  Johnson  pump  used  at 
8.55  p.  m.    Water  hoop  removed  in  45  seconds. 
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Hoop  A^. — Water  turned  on  A?  at  O^.^S^'.IO*.  p.  m.  Johnson  pamp 
need  at  9^.57"*.30*.  p.  m.  As  this  hoop  is  not  over  the  bore,  it  did  not 
<5ool  as  qnickly  as  the  other  hoops.  The  pressure  ring  and  breech  of 
mortar  increased  so  rapidly  in  temperature  that  water  ftom  a  larger 
hose  was  turned  on  the  breech  at  10.08  p.  m.  Water  all  turned  off  at 
10.15  p.  m.  Pressure  collar  removed  at  10.16  p.  m.  Water  tamed  on 
<$ast-iron  breech  at  10.17  p.  m.  for  2  minutes. 

Hooping  (How  A)  finished  at  10.20  p.  m.  The  water  in  the  bore  did 
not  assist  perceptibly  in  cooling  the  hoop,  as  the  latter  was  in  rear  of 
the  chamber. 

Row  B. 

Hoop  Bi, — A  few  of  the  gas  burners  were  found  to  be  stopped  op, 
but  it  was  not  discovered  until  after  the  gas  was  lighted.  No  serious 
trouble  was  caused  by  it. 

Hoop  B^j  Trunnion, — ^The  sections  on  the  gas-heater  carrying  the 
burners  were  changed  for  this  hoop  on  account  of  its  g^reater  length. 
Sections  carrying  four  burners  were  substituted  for  those  having  three 
burners.  This  hoop  was  suspended  in  the  heater  with  the  axis  of  the 
trunnions  vertical,  and  the  weight  being  greater  in  the  vertical  line 
<;aused  the  hoop  to  assume  a  slight  ellipticity  with  the  transverse  axis 
vertical;  hence  the  minimum  wire  entered  vertically  long  before  it 
would  enter  horizontally.  This  hoop  was  heated  somewhat  unequally, 
due  partly  to  its  circumferential  asymmetry  and  partly  to  the  influence 
of  the  currents  of  air  in  the  foundry.  One  segment  least  exposed  to 
air-currents  was  heated  until  the  oxidized  surface  showed  a  bright  par 
pie  color ;  the  other  segments  showed  either  straw-color,  brown,  or  pur- 
ple. The  trunnions  were  not  heated  to  as  high  a  temperature  as  was 
anticipated,  showing  a  variation  from  faint  straw-color  to  brown.  Every 
effort  was  made  to  keep  them  at  as  low  a  temperature  as  possible,  aud 
with  reasonable  success. 

fITrunnion  hoops  should  have  a  slight  cylindrical  projection  left  on  the 
>end  of  one  trunnion,  into  which  a  hole  may  be  tapped  for  an  eye-bolt, 
by  which  to  suspend  the  hoop  in  the  gas-heater,  otherwise  it  is  an  awk- 
ward piece  to  handle.  This  projection  should  be  about  2  inches  in 
diameter  and  1.5  inch  long,  and  have  its  axis  coincident  with  that  of 
the  trunnion. 

Hoop  B3. — No  remarks. 

Hoop  B4. — ^The  temperature  of  this  hoop  was  lower  than  that  of  B). 
•Color  varying  from  faint  straw  to  brown.  The  gun  was  slightly  warm 
in  rear  of  this  hoop. 

Hoop  B5. — Heated  little  longer  than  B4,  and  turned  on  water  a  little 
too  soon.  Slight  explosions  were  heard  at  bottom,  which  showed  that 
the  water  penetrated  between  hoops  and  reached  body  of  gun,  where 
being  confined  and  converted  into  steam  caused  the  spluttering  sounds 
heard  in  its  efforts  to  escape.  This  showed  that  too  short  a  time  bad 
been  allowed  before  turning  on  the  water,  and  that  the  hoop  had  nut 
firmly  clamped  the  gun.  Warmth  just  perceptible  in  rear  of  hoop. 
Color  of  hoop  uncertain ;  observers  not  accustomed  to  tem}>ering  steel 
by  the  electric  light,  and  could  not  judge  of  the  color  displayed  by  the 
lieated  hoop. 

Hoop  Be. — The  day  being  cloudy,  and  darkness  coming  on  early,  the 
city  began  using  gas  about  the  time  this  hoop  was  placed  in  the  heater, 
which  diminished  the  pressure  of  gas  very  perceptibly,  and  required 
longer  time  to  heat  hoop.  Color  uncertain — supposed  to  be  bn>wu.  The 
Tariable  intensity  of  the  electric  light  used  to  illuminate  the  building 
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forbade  any  attempt  to  study  colors  on  the  8toel  witb  any  satisfaction 
or  any  decree  of  certainty.  In  7  minutes  after  Be  was  in  position  the 
rear  face  of  Hoop  As  showed  a  perceptible  increase  of  temperature. 

Througbout  the  hoopitipf,  each  hoop  and  the  gun  was  allowed  to  get 
c-old  before  another  hoop  was  put  on. 

The  pre8sure-co11ar  or  ring  used  with  Row  A  to  bring  the  face  of  the 
h<H>p  to  a  firm  bearing  and  keep  the  joints  close  was  found  to  be  a  lit- 
tle too  light.  The  portions  of  the  ring  90  degrees  distant  from  the  points 
4>f  application  of  the  tension  bars  of  the  press  had  not  thickness  enough 
to  give  proper  rigidity  at  these  points,  and  the  consequence  was  that  the 
rings  sprang  back  slightly,  allowing  the  joints  between  the  hoops  to 
show  a  greater  opening  at  the  top  and  bottom  than  at  the  sides  where 
the  pre88ure  was  ap[>lied. 

For  Kow  B  a  heavier  cellar  was  cast,  which  diminished  this  effect,  but 
did  not  wholly  counteract  it. 

Before  placing  a  hoop  in  the  gas-heater  care  should  be  taken  to  as- 
certain whether  the  burners  arc  all  free  from  obstructions.  This  is  eas- 
ily accomplished  by  turning  on  the  blast  and  passing  the  hand  rapidly 
over  the  orifices  of  the  burners.  An  impinging  current  of  air  will  be  felt 
if  the  burner  be  clear. 

It  was  impracticable  on  account  of  the  interposition  of  the  pressure 
ring  to  observe  the  instant  when  the  hoops  clamped  the  body  of  the 
roortar.  Therefore,  the  time  required  for  the  hoop  to  cool  sufficiently 
to  clamp  the  piece  wasestiinated,  using  the  known  data  obtained  from 
observations  on  the  experimental  cylinder  for  arguments.  The  esti- 
mated time  for  clamping  was  assumed  to  vary  from  five  to  eight  min- 
utes, depending  on  the  expansion  obtained,  the  temperature  of  the  hoop, 
and  the  time  elapsing  from  extinguishing  the  gas  until  the  hoop  was  in 
position  on  the  mortar. 

A  longer  time  was  required  for  clamping  in  the  trials  with  the  experi- 
Dieutal  cylinder ;  but,  in  the  actual  hooping  the  hoops  were  put  on  at 
a  lower  temperature,  the  volume  of  water  passing  through  the  bore 
vas  relatively  greater  and  had  a  lower  temperature,  and  the  surfaces 
of  contact*  with  rapidly  conducting  materials  were  greater;  hence,  it 
was  estimated  that  the  cooling  of  the  hoops  would  be  more  rapid^  and 
that  less  time  would  be  required  for  clamping. 

Joints  or  spaces  between  hoops  after  shrinking  on.    Row  A. 

After  the  first  row  of  hoops  (row  A)  was  on  the  mortar  and  had  re- 
mained at  rest  16  hours,  the  openings  between  the  several  hoops  due 
to  the  shrinking  away  of  the  metal  were  measured  with  standard  slips 
of  brass  varying  in  thickness  by  one-thousandth  of  an  inch. 

Tbe  thicknesses  of  these  slips  were  verified  immediately  afterward  b^^ 
measurements  made  with  small  vernier  calipers,  fitted  with  a  micro- 
meter screw.  It  was  found  in  some  cases  that  the  opening  inside  was 
less  than  that  on  the  exterior.  The  first  hoop,  A,  showed  an  opening 
at  tbe  top  and  bottom,  between  the  hoop  and  the  casMrou  shoulder  of 
the  body,  but  at  tbe  sides  directly  beneath  the  points  of  application  of 
the  longitudinal  iron  bars,  which  transmitted  the  pressure  directly  from 
the  hydraulic  jack  to  the  pressure  collar  in  rear  of  the  hoop,  no  opening 
was  present  that  could  be  measured.  The  relatively  large  opening 
above  noted  was  due  to  two  causes:  (1)  To  the  curved  shoulder  on  the 
cast-iron  body  which  wedged  off  the  hoop,  as  it  were,  when  it  contracted 

*  The  interior  and  both  faces  of  each  hoop  were  in  contact  with  cold  metallic  sur- 
faces. 
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iu  shriukiDg  on;  (2)  to  the  Apriugin^  back  of  the  cast-iroQ  retaining 
collar  or  ring  at  the  points  most  distant  from  the  points  of  application 
of  the  pressure,  where  it  was  supported*  only  by  its  own  rigidity. 

Width  of  apaoes  between  hoop$  of  row  A  after  ihrinking  on. 


Between 


Opening,;    Kind  of  fraage,     i 
width  of.      tight  or  loose. 


Cast-iron  shonlder  and  Ai 

▲t  and  Aa 

At  and  Ai. 

A«andA4 

A4and  Ai 

AfandA« 

A«  and  Ar 

Ar  and  At 


Remarks. 


n 


.  008  j  Tight  at  top 


.000 
.003 
.002 
.002 
.003 
.003 
.003 


Easy  gauge 

Easy  tor  5  inches. . 

In  4  inches 

Tight 

Looae 

Tight 


Joint  closed  at  sides  where  prestan 

applied. 
No  joint  risible:  closed  all  arooad. 
Slip  inserted  8". 
.  "003.s1ip  entered  .  "25 
.  "OOS-slip  entered  exterior  allghtij. 

Tight  at  top. 

Tight  at  top  with  .  "003  slip. 


Joints  or  spcices  between  hoops  after  shrinking  on.    Bow  B, 


Depths  to  which  the  gauges  were  inserted  at  th*— 


Between— 


Top. 


Bottom. 


Ai  and  Bi 

Bi  and  Bi  trnnnion 

Biand  Bt 

B«and  B4 

B«and  Be 

I  Btand  Bt 


Thickness  of  brass  gauges. 


Thickness  of  brass  gauges. 


."002 


In. 

0.75 

1.00 


."0036. 


In. 
0.6 
0. 2  tight 


1.5 
0.25 


0.4 
0.05 


."004. 


In. 


."0O5. 


In. 

0.4  tight 


0. 0  tight 
0.2 


."002. 


In. 


Tight  joint  comer  of  ."002-slip 
barely  engaged. 


0. 75  loose 
1.25 


."0035. 


."004. 


In. 
'i'5 


In 


."005. 


In. 
0.6 
2. 25  '  2. 25 
..*......    2.8 

2. 25 V6.' 75  I  0.25 

0.25    

0.5 


0.75 


0.1 


."006, 


In. 


."Ml 


In. 


1.25 


0.1' 
Q.1 


*  At  side  where  pressare  applied  ."005  gauge  inserted  0".8. 


SUMHABY  FOR  ROW  B. 


Between — 


Maximum    openings    be> 
tween  noops. 


At  top. 

1 
At  bottom. 

1 

1 

Aa  and  Bi 

Inches. 
.005 
.0035 
.005 
.005 
.0035 
No  opening. 

Inches, 
.005 
.0065 
.0085 
.005 
.0035 
.005 

Bi  and  Bi  trunnion . 
Biand  Bt 

Bt  and  B4 

B4  and  Bf 

Bf  and  Bt 

COLOR  AND  TEMPERATURE.* 

The  temperatnres  of  the  hoops  and  their  approximate  expansion  were 
estimated  from  the  color  of  the  film  of  oxide  on  the  surface  of  the  steel. 
The  trials  with  the  experimental  cylinder  showed  that  with  this  quality 


•  v, 


For  table  of  color,  dkc,  see  Appendix  XV,  Table  5;^. 
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of  steel  a  aDiform  brown  color  indicated  a  temperatare  that  gavesaJQQcient 
espaDsioii  of  the  hoop,  withoat  exceeding  the  maximum  limit.  The 
color  test  was  used  in  conjunction  with  the  measuring  points  to  determine 
the  expannion. 

This  test  is  especially  valuable  in  determining  the  uniformity  of  the 
beating  of  the  different  parts  of  the  same  hoop.  The  variations  or 
fihadefl  of  c^Ior  indicate  like  variations  in  temperature.  It  is  also  of 
value  in  determining  approximately  the  instant  when  the  hoop  should 
first  be  swung  clear  of  the  gas  flames  for  a  trial  test  of  the  expansion, 
thus  not  only  saving  labor,  but  expediting  the  heating  of  the  hoop  by 
not  having  to  remove  it  from  the  flames  so  frequently  for  trial  measure- 
uieuts  with  the  expansion  rods. 

Attention  to  the  colors  exhibited  by  the  different  parts  of  the  hoop 
will  readily  indicate  to  the  observer  the  hottest  points  and  the  effect  of 
enrrents  of  air  in  the  foundry.  , 

This  reference  to  the  color  test  presupposes  that  the  observer  has  had 
experience  in  tempering  various  qualities  of  st'Cel. 

The  brown  color  aimed  at  in  each  of  these  hoops  before  removing  from 
the  Are  is  a  tolerably  easy  tint  to  recognize;  and  even  if  the  observer 
pa8S  it  he  will  certainly  detect  the  purple  spots  which  follow  further 
heating.  The  approximate  temperatures  (determined  by  the  color  test) 
udopt^  as  limits  in  heating  the  hoops  were  450^  Fah.  and  520^  Fah. 

The  conditiou  and  the  *' finish"  of  the  surface  affects  the  purity  of  the 
eolorH  exhibited  and  must  be  considered  in  all  causes,  as  well  as  the  qual- 
itv  of  the  metal. 

These  hoops  were  put  on  at  a  much  lower  temperature  than  has  ever  be- 
fore been  attempted  at  this  foundry.  It  was  found  that  with  skilled  men, 
well  bandied,  plenty  of  time  existed  for  getting  the  hoops  in  position 
before  they  could  cool  sufficiently  to  clamp  the  mortar  previous  to  reach- 
ing tbeir  prescribed  positions. 

SiaUmnt  of  faWicati&n  of  ordnance  for  the  tervice  of  the  United  Statu  hy  South  Boston 
/foa  Worka,  at  the  South  Boston  Foundry,  under  the  eupervieion  of  Capt  D,  A.  Lyle, 
Ordnanre  Department,  V.  S,  A, 

I  mwch  M.  L.  R.  morUr  (hooped  with  steel),  cast  M*roh  1, 1884.    lospeoted  Norember  SB,  1884.] 

CHARGE. 

Iron  uted. 


iZi^mAm  i%f  irmi 

• 

Fanuioea. 

1 

1 

No.l. 

No.  2. 

Ko.3. 

Total. 

1 

i  Val 

Tant. 

•  iro.2 

8 

1 
0 
0 

Richmond 

8 
1 
9 
0 

iro.8,hard*.... 

KaS.aon 

Remelted 

Richmond  ............ 

Richmond 

SM!l1on  of  l&infih  Rod. 

man  S.  B.  gnn. 

• 

27 

27 

*CUaaed  here  aa  Ko.  4.  Riehmond. 


CmJ  AmMMited.— Total  Pennsylvania  gas-coal,  37,140  pounds. 
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RECORD  OF  CASTING. 


FuniaceH  fired,  March  1,  18d4,  at  4  a.  m. 
Hetal  dowu  at  II  a.  m. 

Time  of  nieltiug,  7  hours. 

Time  in  fusion,  9  hours. 

Gun  cast  at  8  p.  m. 

Time  occupied  in  casting,  15  minutes. 

Temperature  of  water  entering  core- 
barrel,  36  degrees. 

Temperature  of  water  leaving  core-bar- 
rel, 51  degrees. 

Rate  of  water  per  minute,  20  gallons. 

Fire  kindled  in  pit  8.30  p.  m. 

Fire  in  pit  went  out  March  3,  5  a.  m. 

Temperature  of  pit,  not  taken. 


Temperature  of  pit,  not  taken. 

Fire  in  pit  burned  32^  hours. 

Water  shut  off  March  2  at  10.51  a.  m. 

Core- barrel  removed  at  II  a.  m. 

Water  entered  gun  at  12  m. 

Rate  of  water  per  minut«,  10  galloiu. 

Temperature  of  water  entering  gnn,  % 
degrees. 

Temperatnre  of  water  leaving  guu,  163 
degrees. 

Rate  of  water  changed  March  3  at  10 
a.  ni.  to  8  gallons. 

Total  time  in  cooling  gun,  63|  boarK 


COOLING  TABLES. 


Core- bar- 
rel. 

Core- 

1 

Hours.            S 

el  removed 

• 

Hours. 

i 

& 

1 

1 

* 

i  i 

«    o  1 

• 

* 
Q 

• 

e 

• 

1 

I 

87 

16 

163 

81  ' 

100 

46 

48 

61 

40 

76 

38 

2 

66 

17 

159 

32 

94 

47 

47 

62 

394 

77 

38 

3 

65 

18 

154  33 

86 

48 

47 

63 

30i 

78 

38 

4 

64 

19 

149  34  ' 

79 

•49 

47 

.  64 

89* 

79 

88 

5 

63 

20 

145  35  ' 

72 

50 

46 

65 

39 

80 

38 

6 

61 

21 

141  '  36 

65 

51 

46 

66 

39 

81 

37* 
37i 

7 

60 

22 

138  ,  37 

60 

52 

45 

67 

39 

82 

8 

59 

23 

133 

38 

t62 

53 

44 

68 

384 

83 

37 

9 

58 

24 

129 

39 

60 

54 

43 

69 

38 

84 

.  C) 

in 

67 
56 

25 

26 

I2ri  40 
122  41 

58 
56 

55 
56 

1  43 
42 

70 
71 

38 
38 



1 

11 

i 

1 « •  •  •  * . 

12 

54 

27 

no  1  42 

54 

57 

42 

72 

38 

1 

1  ..... 

13 

52 
51 
(*) 

28 
20 
30 

115  43 
112  ;  44 

52| 

51 

40* 

58 
59 
60 

41 

1 

'  73 
74 
75 

38 
88 

1  ^ 

u 

::::::::::i 

IG 

106 

45 



] 


*  Water  sbnt  off  and  arbor  hoisted :  water  rate  changed  to  10  gallons  per  minnte. 

t  Water  rate  changed  to  8  gallons  per  minute. 

I  Water  shut  off  at  8  a.  m.,  March  5,  and  gun  hoisted  from  pit  at  3.15  p.  m.  same  date. 


MECHANICAL  TEST& 


Speeifte  gravi^. 


Specimen.  How  taken.       Density. 


No.l 

No.2 

yo.3 

No.9 

No.  10 

No.  11. 

"Outside". 

"InHlde".. 

No.  12 

No.  13 

No.  14. .... , 

No.  15 

NaJ6 , 

No.  17 


Tangential  . . 

!!i  do!!!!!!!* 

...  do 

...  do 

. . .  do 

Longitudinal 

do 

K  «  •  ■  %aU*  *••••••• 

...do 

...  do 

....do 


7.2660 
7. 2740 
7. 2514 
7.2550 
7. 2615 
7. 2754 
7.  2155 
7. 2.'>95 
7.2882 
7.2685 
7,2622 
7.2600 
7. 2471 
7.2495 
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TENSILE  STRENGTH. 


I 


Speoimeo. 


Diameter  of 
■peolmen. 


No.1 

Na2 

Ko.3 

Na» 

NalO    

Nail 

Oataide  lonf[itadInal 
IneideloDffitadinal  . 


1.1Q09 

1.2 

l.]98 

1.198 

1.193 

1.197 

1.2 

1.2 


Breaking 
weight. 


33.200 
34.  SOU 
35.800 
84.000 
85,400 
86,000 
2^,300 
31,400 


Tenacity. 


20.493 

80,828 

81.753 

30.095 

81.069 

81.901 

25.023 

27,764 

INITIAL  TENSION. 


I 

Sitertordiame- 
I     terefrlng. 


I 


Exterior    open*   Circumference  of 
ing.  I  exterior  of  ring. 


» 


32.875 


Inehet. 
0.101 


101. 7098 


Exterior  per  inch ' 
of  circnmfer-  >  Initial  tension, 
enco. 


000993 


15,760 


ADDITIONAL  SPECIMENS. 


No. 


Diameter  of 
specimen. 


12 

1.2 

13 

1.2 

14 

1.2 

15 

1.2 

16 

1.2 

1? 

L2 

How  taken. 


Longitudinal . 

— do 

...  do 

— do 

. .  do 

....do 


Breaking 
weight. 


Tenacity. 


Poundi, 

35, 7«)0 

81.606 

85,800 

81,212 

37,000 

82.715 

88.000 

20.188 

33,900 

00,074 

34,300 

30,828 

Rwri  Qfwtea$uremenU  with  star-gauge  of  body  for  X^-inck  eati-iron  M,  L,  B,  mortar  hooped 

with  steel. 


[  Finished  for  reception  of  steel  hoops.    Prescribed  diameter  =1 1.86  inches.  ] 


§    ' 

f 
Diameter  of  bore.  , 

a 

$"3 

1 
Diameter  of  bore.  | 

'  1 

Diameter  of  bore. 

*i 

1 

r 

1 

« 

•  « 

■ 

Horison- 

tal. 

YertioaL  1 

i 

Horison- 

tal. 

i 

YerticaL 

Horiion- 
tal. 

Vertical. 

• 

l'' 

Inehei. 

P 

■  « 

Jnchet. 

^inelkcf. 

I 

Jnch$i. 

Inehe*. 

Inchsa. 

1 
Inches.   * 

InchM. 

Jnehes, 

'  It... 

1L051 

1L051 

51. 5. . . 

11.051 

11.051 

77.8.. 

11.952    ; 

11.9505 

7.  J... 

11.951 

11.051 

5i  5. . . 

U.  051 

11.051 

82.    .. 

11.062 

11.9615 

ills... 

11.051 

11.050 

63.5... 

11.051 

11. 0515  1 

86.1.. 

11.952 

11.9605 

117.2... 

11.051 

11.050 

53.8... 

11.052 

11.0615  1 

1    86. 3.. 

11. 952 

11.051 

22.2... 

11.9515 

11.051 

Of.    ... 

11.052 

11.052    I 

1    00.    .. 

11. 952 

11.050 

1  27.  S... 

1L061 

11.051 

'  60.4... 

11.052 

11.0515 

02.2.. 

11.947 

11.047 

'».2... 

11.0S15 

11.051 

1  60.6... 

11.052 

11.051     ; 

02.4  V 

11.848 

11.848 

187.2... 

I    11.061 

11.051 

,  64. 8. . . 

11.052 

11.051    1 

03.6.. 

11.8485 

11.848 

las... 

1    11.051 

11.061    ' 

1  60.1... 

11.052 

11.0515  1 

03.8.. 

11.849 

11. 8475 

47.2... 

<    11.051 

11.051 

1  68.3... 

11.052 

11.051     i 

97.9.. 

11.8495 

11.848 

49l5... 

1    1L052 

11.051 

73.5... 

11. 0515 

11. 0515 

102.1.. 

11.839 

11.848 

iM.5... 

1    11.061 

I 

1L051 

77.6... 

1 

11. 052 

11.950 

102.3.. 

11.835 

n.838 

*Tlie  distance  from  02. 4  to  101 3,  both  inclusive,  are  within  the  chamber. 
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DiamtttrB,  oompre»non8f  and  exten$iom$  •fhtrtkf 

[.  L.  R.  mortftr  before  hooping,  ftfter  ^pMcati—  ef  Sovi 
of  the  bore  doe  to  the  epplic*tion  of  Row  A.,  Row  B,  And  both  ruwi,  togclkervtti 


[Table  ehowlng  dLameten  of  bore  of  12;iiioh  M.  L.  R.  mortor  before  hooping,  ^i^ter  ^pllcattoaef  Sovi 


Under  hoop. 


Gjlinder  in  front  of  hooper 


Shoulder  in  firont  of  hoops : 

i  Front  end 
Middle 
Rear  end 

{Front  end 
Middle 
Rear  end 

{Front  end 
Middle 
Rear  end 

(Front  end 

A4<  Middle 

(Rear  end , 

Front  end 

Middle 


a 

I 

3 

s 
p 


Diameter  of  bore  ready  for  hooping,  &«. 


Before  hooping. 


H. 


In.    <  Inehea. 

40.5;  11.052 


60.5, 
61.5 
52.5! 


11. 051 
11.051 
11. 051 


« 

Rear  end Ss 

i  Front  end "S  j 
Middle g' 
Rear  end »a 


63.  5;  11. 051 


11. 052 

11. 052 

11. 0.^2 

11. 052 

11. 052 

11.052 

11. 052 

11.0515 

11.052 

11.052 

1L052 

U.  052 

U  052 

11.052 

11.047 

11.848 

11.8485 

11.840 

11.8405 

11.830 

11.835 


iS.8 

57.   I 

60.4! 

80. «' 

64.8 

60.1, 

60.3 

78.5. 

77.6 

77.8 

82. 

86.1 

00. 

•02. 2! 

r02.4; 

03.6 

03. 8 

07.  o; 
102.1; 

102.3 


V. 


Ifuku. 
11.  OSl 
11.051 
11.051 

11. 051 
11.05i5 

11.0515 

11. 052 
11.0515 
11.051 
11.051 
11.0515 
11.051 
11. 0515 
11.050 
11. 0505 
11.0515 
11.0505 
11.051 
11.050 
11.047 
11.848 
11. 848 
11.8475 
11.848 
11.848 
1L888 


After 

application 

Row  A. 

(ft) 


After 

application 

RowB. 

(e) 


H.     I      V. 


H. 


Inthet.  InehM. 
11.040  I  11.048 
11.048 
11.047 


1L047 
11.047 

11.046 

11.045 

11.0445 

11.044 

11.043 

11.048 

11.045 

11.043 

11.043 

11.043 

11.048 

11.043 

11. 0485 

11.048 

11.038 

11. 8365 

11.838 

11.838 

11.838 

♦ 


11.048 
11. 0475 
11.047 
11.0465 


V. 


11.046 

11.045 

11.044 

11.044 

11. 043 

11.048 

11.043 

11.043 

11.042 

11.043 

11.0425 

11.043 

11.0485 

11.043 

11. 038 

11.838 

11.838 

11.838 

11.838 

f 

t 

* 


Inehei 

11.0485 

11.048 

11.047 

11.047 

11. 047 

11.046 
11.045 

11.  oa 

11.041 

11.087 

11.038 

11.037 

11.087 

11.036 

11.037 

11.087 

11.037 

11.037 

11.036 

11.032 

11.832 

11.831 

1L£S25 

11.830 


Ineksa. 

11.048 

1L0475 

11.047 

11.04651 

11.046 

11.046 

11.  oa 

11.041 

11.044 

11.038 

1L086 

11.086 

11.035 

11.885 

11.085 

11.084 

11.08&4 

11.086 

11.035$ 

11.033 

11.830 

11.830 

11.820 

11.820 


After  teUk 

ingezttrier 

BowB. 


H. 


<d» 

I 


Tnekm. 

11.040 
11.040 
1L048 
iL048 
11.046 

11.046 

1L045 

ILOtt 

11.048 

11.040 

1LM8 

11.088 

1L887 

U.03T 

11.037 

1L0I7 

ILOSr 

11.037 

11.  OM 

11.032!| 

11.6381 

11.833' 

11.838 

11.611 


Inek*t. 
11.  tw 
11.  »M 
11.M7S 
1LM7 
ILMT' 

ILM 
ILM 
ILK' 
ILMl 
11.  to 
11.136 
ILM 
ll.t3S 
ILttS 
11.  W 
11. 9S 
1L«K 
11.035 

lliBl 
11.833 
II.  S2 
11831 
1L833 


*  In  fh>nt  of  Bhenlder. 

t  In  rear  of  nhonlder. 

X  After  application  of  the  hoops,  on  aoeoant  of  the  oompression  of  bore,  it  was  impoesiUe  Is  neuara 
fhis  diameter  with  the  star-gaage  points  need  in  measnnng  the  rest  of  the  chttmber.  At  111.4  ioobM 
fh»m  mnssle,  the  farthest  point  to  which  the  star-gaage  ooald  be  inserted,  the  diameters  were :  hori- 
lontal,  11.887  inches;  vertical,  11.832  inches. 
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li.U«4  if.  L.  R,  mortar  a$  affected  by  the  hooping, 

A  attd  B»  ttftor  flntobing  exterior  of  Bow  B,  after  flnUh-boring,  and  after  riflinK ;  also,  the  compreaaions 
Ui«  wieaaioaa  of  the  bore  dae  to  floiahiAK  the  exterior  of  Kow  B  and  to  rifling. 


»  1 

Dianel 

After  b< 

praaerll 

Jabcdldi 

U 

kera  of  flolahed 

bore. 

1 

Compreaaion  of  bore  due  to— 

Extension  of  bore  dne  to~- 

a 
•• 
a 

1 

s 

0 

»rinfeto 
b«l  fin- 
aaeter. 

cation 
w  A. 

-*) 

Application 
of  Kow  B. 

Appli 

of  botli 

(To 

(a- 

cation 
1  rowa. 
Ul.) 

Finishing  of 

exterior  of 

RowB. 

Rilling. 

5 

i 

H. 

▼. 

C/) 

H. 

V 

H. 

V. 

H. 

V. 

H. 

V. 

H. 

V. 

In. 

UktMStm 

AVICiM^Va 

Jndut. 

aTWvvW* 

Inehte 

JneftM.  JjikchMt. 

InehM. 

InBhM. 

llMhM, 

UkdiM. 

in.  JfMAef. 

4»  anasi 

11.  tM 

1L0085 

.COS 

.008 

.0005 

.000 

.0035 

.008 

.0005 

.001 

.  001  +.  0006 

»  n.9M 

1LM8 

1L908 

.008 

.008 

.000 

.0005 

.008 

.0035 

.001 

.0005 

.001     .000 

U;  1L9M 

12.000 

ILOOt 

.004 

.0035 

.000 

.0005 

.004 

.004 

.001 

.0006.000;    .002 

iS  11.9M 

11. 008 

11.008 

.004 

.004 

.000 

.0005 

.004 

.0045 

.001 

.0005 

.000.    .000 

aiiLtw 

1LM8 

11.900 

.004 

.005 

.000 

.0005 

.004 

.0055 

-f.OOl 

.001 

.000 -f.OOl 

M  lt9M5 

1L997S 

11.0965 

.008 

.0055 

.000 

.000 

.006 

.0055 

.000 

.000 

.ooo!+.ooi 

iTlL9M 

ILMft't   11.008 

.007 

.007 

.000 

.001 

.007 

.008 

.000 

.000 

.OOOi    .0005 

to  1L9M 

11.00M     11.008 

.0075 

.0075 

.0015 

.003 

.009 

.0105 

.000 

.001 

.000'    .000 

n  1L9M 

1L808     11.008 

.008 

.007 

.003 

.000 

.Oil 

.007 

.002 

•f.OOO 

.000     .000 

M|11.9M 

1L006 

11.008 

.000 

.008 

.006 

.005 

.015 

.018 

.008 

.000 

.000,    .000 

•^.  1L9M 

11.000 

11.908 

.009 

.0085 

.005 

.007 

.014 

.0155 

.000 

.000 

.000 

.001 

70 

U.8M 

11.000 

11.008 

.007 

.008 

.008 

.007 

.015 

.015 

.001 

.000 

.000 

.001 

n 

1L8M 

11.900 

1L008 

.0086 

.0085 

.006 

.006 

.0145 

.0165 

.000 

.000 

.000 

.001 

TT 

\Vf9% 

11.000 

11.008 

.000 

.008 

.007 

.007 

.016 

.016 

.001 

.000 

.000 

.001 

7* 

1L998 

ILOOO 

11.008 

.000 

.0075 

.006 

.008 

.015 

.0155 

.000 

.000 

.000 

.001 

l^lLtW 

11.000 

11.007 

.009 

.0090 

.006 

.0085 

.015 

.0175 

.000 

.001 

.001 

.002 

WlLtW 

11.000 

11.096 

.000 

.0075 

.006 

.0075 

.015 

.0150 

.000 

+.0006 

.000 

.001 

injlLNS 

11.090 

1L908 

.0085 

.0075 

.0065 

.0085 

.015 

.016 

.000 

.000 

.000 

.001 

MJlteM 

11.090 

11.908 

.000 

.007 

.007 

.0075 

.016 

.0145 

.000 

.000 

.001 

.001 

W  11.  Ml 

11.904 
11.001 

.000 
.0115 

.000 
.010 

.006 
.0045 

.005 
.008 

.015 
.016 

.014 
.018 

.0005 
.001 

•f.002 
.002 

K 

11.  Ml 

•  •••«•« 

V 

11.8a 
1L848 
11.817 
1L8465 

1L84» 
1L840 
11.848 
1L843 



.0105 

.011 

.0111 

.010 

.0006 

.010 

• 

.007 

.0056 

.008 

.008 
.000 
.009 

.0175 
.0165 
.0105 

.018 

.0185 

.019 

.002 

.0005 

.001 

.002 
.002 
.003 

M 

If 

I(K 

•  «••»•■ 

IK 

1 

1 
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Becard  of  measuremenU  with  $Uir  gauge  of  thefinUhed  Utre,  afiw  rifling,  0/  19'  il*  Z«  £. 

mortar,  hooped  toith  9teel» 

IFreflcribed  diameter  =  12".J 


1    «;                         1. 

•g        After  rifling. 

• 

After  rifling. 

IS 

After  rifling.    | 

i 

After 

Hfliar 

d      1 

P 

s 

a 

1 

1 

M 

9         1 

1 

a 
a 

1 

fromm 

•0 

a 

i 
1: 

• 

s 

• 
•0 

i 

>    1 

• 
a 

t 

!    1 

s 

5 

0 
0 

j» 

5c 

8 

3 

u 

% 

S 

w 

a 

• 
E 

1 

3 

.a 

0 

1 

S 

1 

I 

0 

0 

1 

0 

c 

s 

t 

0 

s 

11.909 

-< 

Q 

-q 

< 
12. 118  1 

47 

< 

< 

12. 117 

c 

< 

< 

1 

12.117 

24 

11.998 

11.998 

!    70 

11.998 

'     12.114 

2 

11.999 

12. 117 

25 

11.998 

12.117  1 

48 

1L998 

12. 116  1 

71 

11.908 

12.114 

3 

11.999 

12.117 

26 

11.998 

12. 117 

49 

11.9985 

12.116 

72 

1L990 

11 116 

4 

11.999 

12.117  1 

27 

11.998 

12. 117 

60 

11.998 

12.116 

73 

iLooa 

12.  U8 

5 

11.999 

12. 117  ; 

28 

11.998 

12. 117 

51 

11.998 

12.116  1 

74 

11.098 

vtm 

6 

11.999 

12. 117 

29 

11.998 

12,117  ' 

52 

11.  998 

12.116 

75 

11.997 

12.116 

7 

1L999 

12. 117  ' 

30 

11.998 

12. 117  1 

63 

11.999 

12. 116 

76 

11.998 

12.116 

8  !  11.099 

12.118 

31 

11.998 

12.117  ' 

54 

11.9085 

12.116 

77 

11.998 

12.116 

!» 

11.998 

12. 119 

82 

11.998 

12.117  . 

55 

11.999 

12. 116 

78 

11.998 

12L1I6 

{O 

11.908 

12. 120 

1          83 

11.998 

12. 117 

56 

11.998 

12.1165 

70 

1L998 

12.116 

il 

11.998 

12.118 

)          34 

11.908 

12. 117 

57 

11.998 

12. 1165 

80 

11.908 

.     l-ill6 

l2 

11.998 

12. 117 

35 

11.999 

12. 117 

58 

11.998 

12.116 

81 

1L907 

.     12.117 

11.998 

12.  U8 

36 

11.998 

12.118  , 

59 

11.098 

12.116 

82 

1L997 

12L1K 

IL998 

12  118  1 

37 

11.998 

12. 117  ' 

6() 

11.998 

12. 116 

83 

11.008 

12.116 

11.999 

12.118 

38 

11.998 

12. 117 

61 

11.998 

12. 116 

84 

11.098 

12.116 

11.999 

12.  116  , 

39 

11. 998 

12.117 

62 

11.998 

12.116 

.    85 

11.998 

12.117 

11. 999 

12.116 

40 

11.998 

12.117 

63 

11.998 

12. 116 

88 

11.998 

12.IU 

11.998 

12. 117 

41 

11.999 

12. 117 

64 

11.998 

12.116 

87 

11.908 

12.11^ 

I9 

11.999 

12. 118 

42 

11.9985 

12. 117 

65 

11.998 

12. 116  ! 

88 

11.008 

12. 116  , 

20 

11.998 

12.118 

43 

11.998 

12. 117 

66 

11.998 

12. 116 

80 

11.008 

12. 117 

21 

11. 998 

12. 117 

44 

11.998 

12. 117 

67 

11.9975 

12.117 

90 

11.008 

12  217 

22 

11.998 

12.118 

46 

11.998 

12. 117  ' 

68 

11  998 

12.117 

90. 25  1  11. 0^ 

11117 

23 

11.998 

12. 118  1 

i          4« 

I 

11.998 

12. 118  1 

1          69 

11.998 

12.117  I 

Rifling. 

Deptha  of  grooves  in  finiehed  bore  of  12^'  M.  L,  B,  mortar y  hooped  with  steel,  showing  dif- 
ftrenoes  between  the  diameters  of  the  bore  measured  across  lands  and  grooves. 

[Prescribed  diameter=  12".    Depth  of  ktoovos,  max.  =  ".  065  ;  min.  =  ".  060.  ] 
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rooves. 
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> 

1 

0  oS 

E 

c  0 

«>  6 

2 

9  0 

E 

»M 

8 

w 

o-a 

<^ 

*«      i 

013 

<S 

& 

»« 

^ 

u 

d  N 

<M 

a  t^ 

0 

•tt 

fl  M 

0 

<M 

a  M 

u 

Vi 

h 

g 

0 
^ 

S  ^ 

Zb 

t 

0 

in 

s 

0 

•9 

t 

0 

1 

** 
& 

■ 

S 

OB 

•f4 

■*»      1 

'     • 

& 

p 

0 

P 

P 

S 

P 

P 

p 

Inehes. 

P      1 

P 

P 

P 

Inehes. 

Inehes. 

Inehet. 

1 

Inehet. 

t 

Inehes. 

Inches. 

IndM.\ 

1 

.118 

.050 

24 

.120 

.060 

47 

.119 

.0595 

70 

.118 

.058   I 

2 

.118 

.060 

25 

.119 

.0503 

48 

.118 

.059      , 

71 

.118 

.059    , 

3 

.118 

.050 

26 

.119 

.0505 

40 

.1176 

.05875 

72 

.118 

.059   ,' 

4 

.118 

.050 

27 

.119 

.0505 

50 

.118 

.059 

73 

.118 

.059 

5 

.117 

.0585 

28 

.114) 

.0595 

51 

.118 

.059 

74 

.118 

.059 

6 

.118 

.050    ; 

29 

.119 

.0.596 

52 

.118 

.059 

76 

.119 

.0505' 

7 

.118 

.050 

80 

.119 

.  0595 

i          53 

.117 

.0585 

76 

.118 

,    .(69 

•8 

.110 

.  0505 

31 

.U9 

.0595 

'          54 

.  1 175 

.05875 

i  77 

.118 

'    .059 

0 

.121 

.0605  1 

32 

.119 

.0595 

55 

.117 

.0586 

78 

.118 

•    .059 

10 

.122 

.061     ' 

33 

.119 

.  0595 

1          56 

.1185 

.05925 

79 

.118 

.050 

11 

.120 

.060    , 

34 

.119 

.0595 

57 

.1185 

.05925 

'     80 

.113 

.059 

12 

.110 

.0595  1 

35 

.118 

.0595 

58 

.118 

.059 

81 

.120 

.060 

13 

.120 

.060 

36 

.120 

.060 

60 

.118 

.059 

82 

.110 

.0593' 

14 

.120 

.060    1 

37 

.110 

.0505 

60 

.118 

.059 

83 

.118 

.059 

15 

.11» 

.01595 

38 

.119 

.0595 

«l 

.118 

.059 

84 

.118 

.aw 

16 

.117 

.05a3  1 

39 

.119 

.  0505 

62 

.118 

.050 

85 

.110 

.0595 

17 

.117 

.058.5  1 

40 

.119 

.0595 

63 

.118 

.059 

86 

.120 

.060 

18 

.110 

.OiyOd  1 

41 

.118 

.0.59 

64 

.118 

.0.50 

87 

.120 

.060 

10 

.110 

.0595 

42 

.11&5 

.05925 

65 

.118 

.05«> 

88 

.118 

.059 

20 

.120 

.060     1 

43 

.110 

.0595 

66 

.118 

.050      ; 

89 

.110 

.0-95 

21 

.110 

.  0505  I 

44 

.119 

.0595 

1          67 

.1195 

.05075 

90 

.119 

.0595 

22 

.120 

.060    , 

45 

.119 

.0595 

68 

.119 

.0595    ' 

90.25 

.120 

.060 

23 

.120 

.060    1 

46 

.120 

.060 

1 

69 

1 

.119 

.  0o05 

I 
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Tffykiaihm  qf  crdimatss  of  guiie-plate  for  rifling  ourvefor  V2*'  M,  L,  B,  mortar  ai  measured 

from  the  rifling  machine.  , 

[Origin  of  abaofwasss  19"  from  bottom  of  bore.] 


i\ 

^ 

• 
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t 

• 

§ 

3-9 

ll 

S  o 

s 

1 
1 

KemnrlcB. 

n 

«  Q 

i 

a 

i 

> 

Bemarks. 

& 

0. 

^ 

Jnehet. 

Inches. 

Inehea. 

< 

/mAm. 

IneKm. 

Inehet. 

0 

0 

0 

0 

19"  from  bottom 

54 

2.09 

2.995 

+.006 

6 

.21 

.21 

0 

of  bore. 

60 

3.41 

3  43 

+.02 

12 

.40 

.44 

— .  02  ,                                    1      66 

3.88 

3.91 

+.03 

18 

.74 

.73 

—.01 

1      72 

4.37 

4.38 

+.01 

24 

l.M 

1.02 

—.02 

78 

4.87 

4.87 

0 

SO 

1.38 

1.30 

-,02 

84 

5.38 

6.38 

0 

96 

L74 

»  L7« 

+.04 

88 

5.74 

6.73 

-.01 

42 

i    X13 

1  2.13 

0                                              91. 5 

6.06 

6.055 

-.005 

At  maizle. 

id 

1    2.M 

1 

'  2.66 

+.02 

1 

1 

TaMe  ehowimg  exterior  diamelere  of  Vi-inch  M,  L,  rifled  mortar  (flniehed). 


6 

s      i 

a 

a 

a 

a 
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•0  . 

1. 

s 

s 

»3  • 
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sa 

s§ 

Sal^ect  of 

Ss 

gg 

'    Sabject  uf 

S  *" 

&S 

DMMarenieat. 

3« 

meaaarement. 

S3 

2« 

1* 

'  measarement. 

S  19 

•§1 

O 

» 

c 

» 

P 

» 

Inches. 

i 

Inehe*. 

Inehet. 

Inches. 

Inches. 

Inches.   1 

Cbaie 

1. 
49.5 
53.5 
57.0 

22.512 
82.538 
32.532  , 
87.1 

B» 

80 
81 
82 
83 

42.45 
42.45 
41.5 
41. 614 

,  B4 

98 

90 

100 

101 

41.505 
41.600 
41.602 
41.504 

CTlindrieal ..  ) 
^boulder 

Bs 

1  Bi 

1 

Ai 

Bi 

63.5 

41.00    1 

64 

41.6 

102 

41. 511 

00.5 

41.01 

85 

41.507 

103 

41.506 

Bt  (tnuiBloii).. 

08 

42.45 

86 

41.508 

104 

41.500 

00 

42.45 

87 

41.504 

105 

41.500 

70 

42.45 

88 

41.511 

106 

41.500 

71 
72 

42.45    ' 
42.43 

80 
90 

41.  500 

1  JU 

107 
108 

41.600 
41. 505 

41.498 

73 
74 

42.45 
42.45    1 

Bi 

91 
92 

41.600    1 
41.500 

109 
110 

41.509 
41.508 

75 

42.45    ' 

9a 

41.500 

111 

41.506 

76 

42.45 

94 

41.498 

112 

41.505 

77 

42.45    1 

95 

41.500    1  At 

115. 25 

35.940 

78 
70 

42.45 

42.45 

1 

96 
97 

41.500 
41. 507 

;  Body 
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31. 039 
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LUHINOSITY  OF  HEATED  STEEL. 

Cliirke*  says  the  luminosity  or  sliades  of  temperatore  have  been  ob- 
served by  M.  Pouillek,  by  means  of  aa  air  pyrometer,  to  be  as  foUuKH: 


T.OP. 
CtatignA*. 

r»Hm. 

DtgTUt. 

1 

im 

-SwMtinit'wlilt. 

SI 

HetMrd  of  inipecd'on  and  meamrtmmU  of  hooping  of  lH-inch  muitle-loading  rifiei  »' 
hoojird  aitk  iteel  manvfaclured  at  SoulK  Boilon  Foundry  under  oonlracli  dattd  Sept 
!M,  ItidS,  and  Junt  '48,  1864. 

HOOPS. 


Raw 

Meui 

LDgth, 

Meu 

Interior  diam* 

ton. 

l.t. 

3d. 

3d. 

4th. 

VlN. 

A. 
A 
A 
A 
A 
A 
A 

B 

B 

iHChf. 

i.m 

a.*ST 

,IS 

2.4S 

SMI 

2  780 
2JTB 

so.wai 

3D.«M3 

81.0006 
30.0067 

aooftie 

30.99H 
S0.004B 
80.9970 

86  0947 

JntAH. 
SO.  MM 
30.  MM 

M.no8 
8aMo.i 
soBSU 

80.0872 
35  8WB 

IndU.. 

S(i.«i»a 

Se,l>BS8 

mB8S4 
HLMMS 

3,<80m 
3S.B9M 
3S.RB51 
35.8871 
S5.8*S7 

3a.8«!» 

3o!ea5T 
30.w«e 

M.8M4 

is 

'r- 

SILMM 

3S.H1B 

ZONXa  TO  BE  HOOPED. 


Ukrk  or  Dnmber. 


,.,. 

,.. 

». 

laehti. 

laeha. 

Incha 

ai,on2 

il 

31.0411 

3t»4«0 

^.^. 

35.03B0 

4th.      I    Ueu. 
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KBCORD  OF  CAS] 


Furnaces  lired  Msrcli  1, 1804, 
Melal  donu  at  II  ».  m. 
Time  urmettbg,  T  bours. 
Time  io  fusiou,  9  Uonra. 

Time  occupied  in  custiu)^,  I5mianles. 

TerapiirHture  of  wnler  euteririg  cure- 
barrel,  36  degrees. 

Temperature  of  water  leaviog  core-bar- 
rol,  51  deffrees. 

Bute  of  water  per  minute,  20  gallona. 

Fire  kiudleil  in  pit  d.:!0  p.  m. 

Fire  in  pit  weut  out  March  3,  &  a.  m. 

Temperature  of  pit,  ant  talcen. 


.  I      Temperature  of  pit,  not  takes. 
•      Firi^  ill  pit  biirneil  JUi  hoan. 
I      \^'ate^  sbui  oft'  March  2  at  10.51  i.  ir 
Core-barrol  reoioved  at  II  a.  m. 
Water  entered  guo  at  12  m. 
I      Rat«  of  watiT  per  minul«,  10  gallooj 
-  j      Temperature  of  wal«r  eateriuft  gno 
defireos. 
Teniperatnre  of  water  leaving  gun, 


degr 


e  of  n 


r  cbaoged  March  3  at  tli 


Total  time  in  cooling  giip,  SI)  faonifi. 


COOL  I  KG  TABLES. 


wL 

Core-barrsl  ranwred.                             1 

i 

iHiJliI 

1 

III! 

H7 

«I 

..  ,  ,,  '  „ 

It 

''' 

30     Mi|«    m>,  «• 

"■■•l- 

ir  hoisted ;  waler  rste  ohinged  lo  10  gsllaos  p*r  n 
I..  Mftrcb  A.  Had  HUD  bolBtHl  IVom  pit  it  3.1S  p.  m. 

U EC E APICAL  TESTS. 


I    How  UktD.       Deniity. 


^"■l 

1^ 

IS^"--- 

...  dc , 

7.  KM 

7.!882 

7!  KM! 
T.2IIIW 

1.3m 

|£i!;:::::::: 

:::3::::-.-.:;::: 

....do 
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TENSILE  STRENGTH. 


Speelmen. 


Diameter  of 
specimen. 


No.1 

1.1999 

No.2 

1.2 

No.3 

Na9 

1.198 
1.198 

Nol  10     ............... 

1.193 

No.  11 

1.197 

Oatside  lonffitudinal . . 
Inside loDgttadinal  ... 

1.2 
1.2 

Breaking 
weight. 


33,200 
34,  SOU 
85.800 
34,600 
85,400 
86.000 
28,300 
31,400 


Tenacity. 


29.493 
80, 328 
31,793 
30,695 
81.669 
81.991 
25,023 
27,764 


INITIAL  TENSION. 


Sxterior  diame- 
ter af  ring. 


Imthea. 

32.375 


Exterior    open-   Circumference  of 


Ing. 


Ifichst. 
0.101 


ext49riorofring. 


101. 7093 


Exterior  per  inch 
of  rironmfer- 
enco. 


.000993 


Initial  tension. 


16,750 


ADDITIONAL  SPECIMENS. 


No. 


12 
13 
14 
15 
16 
17 


Diameter  of 
specimen. 


1.2 
1.2 
1.2 
1.2 
1.2 
L2 


How  taken. 


Longitudinal 
. ...do ....... 

...  do 

— do 

. .  do  . 

....do 


Breaking 
weight. 


Poundt. 
35, 700 
85,300 
37.000 
83.000 
33.900 
34,300 


Tenacity. 


31,506 
81,212 
32, 715 
29,188 
90,974 
30,328 


Ricori  of  wieanuremenU  toith  siar-gauge  of  h%dy  for  12-incA  oast-iron  M.  L,  R,  mortar  hooped 

mth  steel. 


[  Finished  for  reception  of  steel  hoops.    Prescribed  diameter  =11.96  inches.  ] 


'  §    ' 

1 
Diameter  of  bore,  i 

istance  from 
moxzle. 

Diameter  of  bore. 

1. 

8S 

Diameter  of  bore. 

*i 

1 

« 

S^ 

.1^ 

Horison- 
tsl. 

VertioaL 

Horizon- 
tal. 

VerUcaL 

|i 

Horison- , 
tal. 

Vertical. 

• 

i" 

Inehet. 

P 

Inehet. 

1 

1 
Inches. 

1 
Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

'   12... 

1L951 

1L951 

51. 5. . . 

11.951 

11.951 

77.8.. 

11.952 

11.9505 

7.2... 

11.951 

1L951 

61. 5- . . 

11.951 

11. 951 

82.    .. 

11.052 

11. 9515 

1112... 

11.961 

11.950 

53.5... 

11.951 

11. 9515 

86. 1. . 

11.952 

n.9505 

!17.2...I 

11.951 

11.960 

53.8... 

11.952 

11.9515 

86.3.. 

11. 952 

11.951 

1212... 

11.9515 

11.951 

57.    ... 

11.952 

11.952 

90.    .. 

11.952 

11.950 

1  37. 2. ..| 

1L961 

U.951 

60.4... 

11.952 

11. 9515 

93.2.. 

11.947 

11.947 

1312... 

11.9515 

11.951 

60.6... 

11. 952 

11.951 

92.4'. 

11.848 

11.848 

{J7.2... 

11.951 

11.951 

64.8... 

11. 952 

11.951 

93.6.. 

11.8485 

11.848 

l411...i 

11.951 

11.951 

69.1... 

11.952 

11. 9515 

93.8.. 

11.849 

11. 8475 

!  47.2... 

11.951 

11.951 

69.3... 

11.952 

11. 951 

97.9.. 

11.8495 

11.848 

416... 

a  952 

11.951 

73.5... 

11. 9515 

11. 9515 

102.1.. 

11.839 

11.848 

S0.5...t 

1 

11.961 

1L951 

77.6... 

11.953 

11.950 

102.3.. 

11.835 

n.838 

*The  diataace  from  92. 4  to  102. 3,  both  inclusive,  are  within  the  chamber. 
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Ke/iori  ••/  in>pti<limi  amf  prvttf  of  13-iildl  m 
fahricaltd  at  Ihe  .-itiulk  aottOH  foundrf,  itn 


I.  lues,  and /HneQ8,l 


■tar  Hfie  No.  1  (eatt  iron,  hooptd  ritt  itwl) 
ir  eoHiracIt  of  Cki^  of  Ordnatee,  iabi  Stf. 


vAiunon. 

RMub 

PnMribed. 

A.tnU 

AJIoired.lAcbuL 

IRS 
02. 

0.1W 

«. 

M 
.«65 

!oi 

.08 

1U.2S 
127.  4S 

ii.vae 

O.VB 
8. 

+.7S 

-.ora 

DoUibxtodn, 

■  bhnkifM  •mt 

niamcler  of  liord  ,i,  r.--  Isnds 

Dt™-l.r<.f  chiii,,!..;    

+:SS 

Piltb      nf     «n..»      ,.„  "vmt-hoiihiDg 

-.OS 

IbmnKh  biIh  of  l«t«. 

~  M»        SOU 

s."S'',:,""  flilei  "I,;, :;;;  .t  uirfiv: : :: : 

tats  in  IW  ak 
■t    the   ori^  u< 

Fiiil  clsp[hufgr.i,iv,.-l.,.Kliu»tlni!hM 

DlXBiife  of  cbBinli«  lo  tegiaaSntot 

rifliDi:. 
Btii'tionliitnii-ter  iifKDiisd  Inch  from 

1.7S 

o.s 

41.4 

U.M03 
». 

-   TS 
CHS 

-.-.00! 
-t-.OS 

t  31  llH-kM  1™ 
n.U«lf ;  IlHB  -rat 
ronn.mDdoHldn 
in  as  cBl*.  la  iIh 
rnniilB. 

K.f  rior  dlaniiMfr  of  piB  oirar lidap  Ai 
KiterlordUmfltMofjiimarfn-  taoopBi 

8T.1 
42!  4S 
41.  SH- 
IS. MM 
SLOW 

+.« 

•■='"•"•-"'»""•"—■ 

4-.M0S 

-.91 

Lenglhof  tnipnliiin... 

I^Dj;tbi>fiinrf»c.<»ft;uuhcDp«](n)irA) 

Lf  niith  of  .urfioa  {inner  raw)  Ik>oi>mI 
(rowB). 

(3«>  Ubif.) 

fiont  of  hoopi. 

4>LS 
4. 

8 

4».» 

is 

(B«  Mbto.1 

-.OB 

Dlntinw from  r»  boop to tugantM 

fmoTtor:  "IMnobS.  B.  I.  W.,- 
■iii^ent  (0  bnMb,  114.4  ponndi — 1 


,     D.  A.  L.    Wt..  W.SWpo 


REPORT  OP  THE  CHIEF  OP  ORDNANCE. 


207 


Data  relative  to  Bkrinkage  of  koope. 
•0-ntkll.  It.  rilled  morUr.  Third  approximation.    Sxterior  of  finished  tnmed  bore  ".05  small.] 


Tbeoretieal  shrink- 
aces. 


Actual  shrinkages. 


♦i 


Thou- 


1.400 


L400 
1.2M 

i.sn 


TJkou*    '    Thou- 
tandtha. 
1.370 
1.800 
(1.420 
[1.845 
1.355 


L225 


L4W 

1.110 
0 


1.847 
L200 
1.255 


TKou- 
§andthM. 
1.210 
L241 
1.258 
1.258( 
1.2665 

1.461 
L02T 
0 


_-  ,     -,  Anticipat* 

Theoretical  ed  oompres. 
compres-    slon  of  bore 
sion  of  bore  proportion 


^-.?        alto  that  in 
R  experiment- 

al cylinder. 


Actual 
compres- 


Preesnre  in 
pounds  per 
square  inch 
'correspond- 


pression  of 
bore. 


Thou-  Thou- 

$andih».       $andtha. 

Bottom  of  chsmber.* 

tl.2il  I         tl.220 
1.216  1.194 

1.210 


1.201 
1.10 
J.  761 


1.200 
.095 

:.747 


Thou- 
iandtht. 


11.851 
1.2T7 
1.286 

1.251 

1.005 

.805 


.251 


Pounda. 


1 24. 100 
23,000 
23,200 

22,500 
19,500 
15,400 


5,400 


BiMAixs.— An  absolute  error  of  ."001  in  the  star-ganj^iuf  is  equivalent  to  a  relative  error  of  .084 
IkooMsdtbs. 
'Oiiiag  to  eontnwtion  of  bottom  of  chamber,  due  to  its  form,  measurements  could  not  be  made, 
(laohaaber. 

;Tliis  docs  ooi  take  into  account  either  the  resistance  due  to  the  unhooped  portion  Just  in  front  or 
the  sid  dsrived  fh»m  hoop  B  just  in  rear. 

CHA8.  8.  SMITH, 
Captain,  Ordnan^  DapartmmU. 
OssaaMi  Omci,  ifoesmAfr  11, 18t4. 


0**OiktA*dO€   Orr/cf    i/  ^  A 


*m 


>» 


\t^ 


PLATE  I. 


or. 


^M 


J! 


k 


ji«'t 


i9e^ 


1^*^ 


S 


4; 


i 


1 11^ 


^fywf^^^f^i 


JC£0 


1 


Jlri^Gfen'C    Ol<i 
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1 

I' 


I 


''ll 


I'll 


PLATE  II. 


*■**< 


.1 

! 


1. 


1 


El. 


I     i 


iL 


r 
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Appendix   26. 


IIPEBIMBNTAL  CYLINDER  FROM  THEn^INCH  CASl-IBON RIFLED  MOB- 

TAB,  HOOPED  WITH  STEEL, 

By  Caft.  D.  a.  Lyle  and  Likut.  H.  D.  Bobxtp. 

GOMPOSITION. 

Tbe  experimental  cylinder  for  the  12iuch  cast-iron  mazzle-loading 
ifled  mortar,  hooped  with  steel,  was  composed  of  three  parts,  viz: 
(t)  Tbe  body  (cast  iron). 

(2)  Tbe  A  hoop  (Mid vale  steel). 

(3)  Tbe  B  hoop  (Midvale  steel). 

MATEBIAL.S. 

(1)  The  cast-iron  body. 

This  was  taken  from  the  lower  end  of  the  sinking  head  and  near  the 
iQzzleof  the  mortar.  An  initial  tension-ring  3  inches  thick  was  taken 
at  between  the  face  of  the  piece  and  the  body  for  theexperimental  cyl- 
itler.  The  end  next  to  the  muzzle  was  marked ''  face,"  and  is  so  desig- 
lated  iu  all  references  to  this  end. 

(2)  Hoops. 

Tbese  were  from  Midvale  open  hearth  steel,  and  were  marked  as  fol- 
jwis:  tbe  inner  hoop.  Ax;  the  outer,  Bj?.  The  hoops  were  received  in 
he  roagh-finished  state. 

Dimensions  aftd  tceighta  (rough  fin%8hed). 


it<»T'"f«r  dUm^ter   inohoB . . 

■t»rt>r  diameter do... 

Mfth do... 

Ft  i:ht poniidB . . 


Hoop  A.X. 


38.46 

80.74 

7.4 

«28 


Hoop  Bs. 


41.75 

35  80 

7.5 

700 


Table  A. — I'eit  specimens, 

[Taken  from  inittftl  tensioo-riugnext  to  the  mazzle  before  hooplnji:.] 


k  «'f 


I 


ifM-.   I        Kind. 


I. 


Tension 

Compres8k>xi . 


».. 


Tt»iu€itv. 


do 


How  taken 


Tanj^ntiHl,  ioMde. 
Tan>$ontiiil 


Kamliers. 


Where  tested. 


.do 


LoDgittidinal 


Nofl.  4  and  5 Watertown  Arsenal. 

No.  6,  inside :  No. 7.  out- 
aide  ;  No.  8.  loRide. 

Noa.  1  and  II,  iiiMidi" ; 
Nob.  2  and  10,  middle  ; 
NoH.  '.ittw\  0,  oiitnide. 

N»H.  12  10,17.  and-*out." 
ontHidw;  No.  in,  mid- 
dle; No^.  14. 15,  and  "in- 
side," inside. 


Do. 
South  Boston  Iron  Works. 


See  pa{r»'8  482, 4«3,  Report  of 
Chief  of  Orduanoe,  18d4,for 
tosts. 
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462o  ORB- 


14 
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Taslb  'S.—Tattptdneiu. 
Ilmkoafinmlnltlikltenoloii-iJngfMiii  "bea"af  EtpeiimeiiUlCfllndn-ancriuihaopliiit  Disk  =M  Ik 


■So.  at 

Kind. 

How  token. 

Viunbm. 

WliantoM. 

J 

Tenilon 

TanientUUy 

I 

No.S,liiBid»:Ko,4.ont- 

ir^«id>,uk<Drhn. 

H^n'S.'^^No.  10. 
middles  No.  11.  InildB. 

Do. 

Sooth  B«tan    I™  T 

Clile?^Ortiuaiee,rS 

H 


i 


"irii 
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ImHal  iemHon  ring  (2.5  inohea  thick)  taken  from  coBi-iron  body  of  ftrpertmentoZ  cylinder 

from  V2'inoh  M,  L,  rifled  mortar. 


\ 


7 


AFTER  UNHOOPIKG. 


IKITIAL  TENSION. 

[Detemiliied  from  the  two  disks  noted  abore.    For  details  see  paee  483,  Report  of  Chief  of  Ordnanoe, 

1884.] 

Pounds. 

B«foTe  hooping 15,750 

After  anhooping 12,000 

Physical  properties^  of  the  Midvale  steel  hoops. 


Hoop. 

Length 
of  spec- 
imen. 

Elastic 

limit  per 

square 

inch. 

Elastic  ex< 
tension. 

Tensile 

strength 

per  square 

inch. 

Elongation 

aner 

rapture. 

Contraction 
of  area. 

Inches. 

Poundt. 

Inches. 

Pounds. 

Percent. 

Percent. 

' 

6 

63,000 

.002088 

115, 200 

18.0 

71.  e 

6 

6»,000 

.001883 

112,600 

12.3 

27.6 

i              8 

63.000 

.002200 

112,000 

1&3 

82.5 

Ax..  J 

3 

60.000 

.001867 

HI,  870 

16.7 

26.4 

« 

65,000 

.002188 

112,080 

12.67 

24.4 

« 

68.000 

.002150 

110,800 

12.67 

27.6 

, 

•(I) 

60,000 

.001990 

Compression  specimen.                | 

f 

6 

68,000 

.002033 

117.600 

8.9 

88.6 

0 

3 

"<l               3 

66.000 

.002067 

112,000 

15.3 

39.2 

71,000 

.002467 

116,460 

16.0 

35.4 

64,000 

.002000 

112.650 

16.0 

29.3 

^ 

57,000 

.001667 

108, 440 

10.5 

83.6 

!          0 

67.000 

.002250 

114, 000 

12.8 

30.8 

I 

*(f) 

65,000 

.  001770 

Compression  specimen. 

*The  InformatioQ  given  in  this  table  was  kindly  furnished  by  Lieut.  F.  E.  Hobbs,  Ordnance  Depart 
Beat,  XT.  8.  A. 


212  BEPORT  OP  THE   CHIEF   OP  OEDNANCB. 

CoMputaUoni  o/ttaiUe  itrength  af  ejqMrtm«ibiI  ojrliiider^om  l^iitelt  M.  L.  rifitA  ■ 
IS*tft  fomUiad  b;  the  Ordnuioe  Offloa  troin  ths  pb;ili»)  tMl*  of  tlia  matal  nuid*  ImDh*  hM| 


CMt-lTon  bod;. 

HwipaUUTBlealHL 

k;=17'':» 

B,  =  »".Tfi 

«i=^n    -.Dai86(fttX.L.). 

CoMporitoii  o/jirinctpal  r«aiilt>  ot(ain«d^om  oompulafdm. 


S.bJ».. 

Compnler. 

C»pLC.8.Sinith. 

UentH.D.Bonip. 

C»pt.D.A.Ljl«. 

g:;;;;;;; 

T.Bia 

■.309 

a.  OSS 

.OOOSTM 
<-).«ll4STS 

loOIMt 
ioSOTU 

7:«174 

(-)1,MM  " 
&!)(•« 

ioM« 

.0008071 

(-.J.OOUTW 

.0M5«9 

.OSHSO 
.05«4ZTO 

!:!S. 

(-H.J30S-' 
1CIIM+ 

.OMsns 

(-1.00HT92 

.ODDs«a-(- 

:«)is7»5+ 

.OOiTiS 
.0U70S4- 

;^ 

K::;::::: 

Adjutted/oT  alloictd  vt 


£::::::::          :S 

[OOIOT 
.08*20 
.OSM 

.owan- 

INSTKOCTIONB. 

t  received  from  tbe  Ordnauce  Office,  U.  S.  A.,  in  n- 


OuoNANce  Offic;b,  War  Dbpabtmext, 

fVa$hivgloii,  I).  C,  Mag  5,  le«4. 
Sir:  By  (lin'tlion  nf  the  Cliief  of  Ordnance  I  liavo  to  rcqiii'sl  tlint  yon  will  plcaw 
ciiiifw  tlie  \riiik  of  liooiiiiiir  tlie  esiiiTiiuenlal  c.vUnilcr  liikf ii  I'mm  tlin  Vi  incti  mnrtu 
putting  tolieprocivduii  with  Hisnun  an  tlii-  hor>)Hiarr'  received  Trom  theMidvale  Steal 
WorkH,  nnliiK  I'or  Iliio  pitrtKise  tlin  tno  lini)iis  itinrked  Aj;  xnd  Rr,  respoctively. 

Ini>l  met  ions  nra  herewith  iiicloiml,  jriviiit;  llitt  jireKi'i'ilied  RliTiukagds  tot  this  ei- 
pefimi-ntiil  lioopinEaiid  nhiiwiiiK  luiw  Ilia  work  is  f    ' ' 


IhtmhrinkMBeH  i 
thn  allowed  v:,ii 


will  !»' 


iug  imd  of  the  li.»nw 


Kiisof  Iliec^iHl'iiK  mi 
noval  of  I  ho  huups. 


* 
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A  further  and  more  complete  report  may  be  submitted  eubseqaently ,  showing  in  taba- 
Ur  form  the  abnolut'e  measurementfl,  with  the  linear  and  proportional  dififerences,  and 
ft  recapitnlution  of  the  general  eifects  produced  on  the  casting  and  on  the  hoops  with 
the  hoo^ts  in  place  and  after  tbeir  removal,  so  far  as  that  may  be  done.  (8ee  in  this 
connection  Notes  on  the  Construction  of  Ordnance,  Nos.  14  and  26.) 
Reapeotfully,  yonr  ob't  servH, 

CHARLES  8.  SMITH, 
Captain  of  Ordnance^  Frincipal  Aasiatani, 
Capt.  D.  A.  Lylr, 

Ordnance  Dept.y  U.  S.A,,  Boston,  Mass, 


Geaeral  instructions  for  hooping  and  unhooping  experimental  cylinder  for  12-inoh  mtt«r7#- 

loadiwg  mortar, 

(1)  Tbe  interior  diameter  of  the  first  or  inner  hoop  t-o  be  turned  to  a  mean  diam- 
eter of  31  inches,  with  an  **  allowed  variation  "  of  — 0.00:I5  inch ;  the  interior  di- 
ameter of  the  second  or  outer  hoop  to  be  turned  to  a  mean  diameter  of  35.5  inches, 
with  an  '* allowed  Tariation '' of — .0035  inch;  tbe  lengths  of  tbe  two  hoops  to  be 
the  same,  and  aa  near  7.25  inches  as  possible.  As  regaids  tbe  parallelism  of  the  ends, 
eccentricity,  and  conicalness  of  the  interior  surfaces,  the  **  allowed  variations"  to  be 
as  follows :  For  parallelism,  0.0035  inch ;  for  eccentricity,  0.005  inch ;  for  conicalness, 
0.0035  inch.* 

(2)  Tbe  casting  to  b^  bored  to  as  near  12  inches  as  possible,  and  not  exceeding 
12.05  inchea;  the  ends  to  be  squared  np,  giving  a  right  cylinder  with  parallel  bases 
7.75  inches  in  length.  The  exterior  to  be  turned  to  a  mean  diameter  equal  to  the 
mean  interior  diameter  of  the  first  hoop  plus  a  shrinkage  oft  .00168  inch  per  inch  of  that 
diameter,  with  an  **  allowed  variation''  between  the  prescribed  diameters  of  the  sur- 
faces of  contact  of -(-0.0035  inch  and  —0.000  inch. 

(3)  After  ihrt  tirst  hoop  has  been  pnt  in  place  on  the  casting  and  has  cooled,  the 
exti^rior  to  be  turned  to  a  diameter  equal  to  the  interior  diameter  of  the  second  hoop 
pln^  a  shrinkage  oft  .00168  inch  per  inch  of  that  diameter,  with  an  '*  allowed  yaria- 
tiou  "  of  — 0.0035  inch  and  -f  0.000  inch.  The  exterior  of  this  boop  may  be  turned  to  the 
fininhed  diameter  of  41.5  inch  before  the  hooping,  which  is  not  admissible,  however,  in 
the  actoal  h6oping  of  guns.  The  "  allowed  variation  "  for  this  diameter  to  be  0.02 
inch. 

(4)  As  soon  as  practicable  after  the  required  measurements  have  been  taken,  the 
hoops  to  be  successively  expanded  by  heat,  and  the  casting  withdrawn,  after  the 
mode  described  in  "  Notes  on  Construction  of  Ordnance,"  No.  14,  page  3. 

The  hoops  to  be  removed  from  the  bath  of  molten  metal  as  speedily  as  possible 
after  the  withdrawal  of  the  casting,  to  prevent  their  being  injured,  as  far  as  possible 

MODE  OF  UXECUTINO  HOOPING. 

The  casting  prepared  for  hooping  is  to  be  placed  vertically  on  skids,  the  bore  closed 
at  bottom  with  a  wooden  disk  made  water-tight  with  clay  around  the  inside  of  the 
cylinder  and  having  a  ^-inch  hole  in  the  center  for  the  exit  of  the  cold  water,  with 
which  the  bore  is  to  be  kept  tilled  by  a  hose  during  the  operation.  The  hoops  may 
be  heated  for  application  by  a  wood  fire  surrounded  by  a  flask  of  iron,  preferably  a 
perfomted  sheet- iron  cylinder  open  at  the  ends,  which  wil(  take  up  little  heat  and 
allow  a  close  approach  t-o  the  fire.  Care  should  be  takcVi  to  have  the  hoops  heated 
ooiformly,  and  to  avoid  raising  tbe  heat  too  high.  A  temperature  of  about  600^  F.  will 
suffice,  and  the  expansion  of  the  hoop  should  be  kept  within  about  twice  the  prescribed 

2.5        3.5 
ihrinkage,  say  from  fijjQ'to  *^^  of  the  interior  diameter.   The  hoop  after  being  taken 

from  the  fire  is  to  be  brushed  clean  and  lowered  upon  the  casting  until  it  rests  upon 
SQpporta  that  shall  maintain  it  centrally  on  the  casting,  or  at  equal  distances  from  the 
two  ends.  The  transfer  from  the  fire  to  the  casting  should  be  effected  without  un- 
necessary deHy,  as  the  hoop  will  cool  and  contract  rapidly.  As  soon  as  tbe  hoop  has 
cooled  down,  so  as  to  set  on  the  casting,  water  should  be  sprinkled  on  it,  using  a  water- 
ing-pot with  a  finelyperforated  sprinkler— sparingly  at  first,  but  by  degrees  more  plea- 
titQlly,  and  taking  care,  by  moving  around  the  hoop,  to  cool  it  uniformly.  After 
twcDty-four  hoars  (or  as  soon  as  practicable  thereafter)  the  required  measurements 
will  be  made. 


*  See  Notes  on  the  Construction  of  Ordnance,  No.  5  and  No.  26,  pp.  17  and  19. 
t  Total  shrinkage  about  .052  inch  -f  .00:)5  inch. 
t  Total  shrinkage  about  .060  inch  —.0035  inch. 
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(1)  Interior  iliainetera  of  the  hoops  prepared  for  liooping  ftad  exterior  diuaotv*  ot 

(2)  Interior  and  exterior  diametera  of  the  oBstIng  prepared  for  hooping. 

lif  Interior  ilmneterof  eaating  after  applicatiou  of  Brst  hoop. 
(4)  Interior  iliametei  of  Brtt  hoop  after  application. 
(&)  Exterior  iliameter  of  first  hoop  prepared  for  second  hoop. 
(6)  Interior  iliniaeter  of  casting  after  application  of  second  hoop. 
17)  Interior  iliameter  of  first  hoop  after  application  uf  second  hoop. 
(rt)  Interior  illnmeterof  second  hoop  after  application.      (All  meamrementa  tc  b« 
made  when  the  hoops  are  cold.) 
(9)  Interior  diameter  of  casting  after  mmoval  of  second  hoop. 


(10)  Interior  anil  exterior  diameters  of  first  hooping  after  remov»I  of  second  h(ioj.i 

(11)  Interior  mid  exterior  diameters  of  second  hooping  after  re  mo  vai. 

(12)  Interior  ^tnd  eit«ri or  diameters  of  casting  after  removal  of  flrtt  hoop.  , 

(13)  Interior  and  exterior  diameters  of  first  hoop  after  removal. 


HEASUKBUENTB. 


(1}  Prepartd  for)ioopimg. — Each  face  of  cylinders  and  hoope  to  be  scored  irithl' 
diameters,  whiih  will  be  marked  with  nambers.  Coincident  with  these  acorest' 
diameters,  both  rxterior  and  interior,  to  be  measored  at  0.1  inch  distance  within: 
each  face*  ami  :it  Hoch  additional  points  between  the  faces  as  may  be  deemed  necc*-, 
sary  for  ascurlainiiig  the  mean  diameter  and  Terifying  the  workmanship.  All  meu- 
nremontH  to  lie  made  in  the  planes  determined  by  the  scores.  (See  Notes  on  the  Caa- 
atniction  of  Or.lnance,  No.  5.) 

(^)  After  honpn  art  in  placf. — Interior  diameter  of  bore  and  exterior  dituneten  of! 
boopH  to  be  mtiisured  as  before,  the  4  diameters  scored  on  each  face  of  hoop  being  of-, 

Sosite  to  the  correspoudingl.V  numbered  ones  on  cylinder.  Kormeasnring  the  inferior 
iametersof  hoopB,  short  snallow  grooves  are  made  on  each  face  of  cylinder,  and  aa)t-' 
aeqaently  on  inner  buop,  M  shown  «□  following  sketch,  and  of  Jast  sufficient  siiB  to 
expose  the  exiremitiesof  the  diameters  before  measured  at  0.1  inch  within  the  facet,! 
and  to  allow  siitflcient  room  for  iimui[iDlating  the  points  of  the  Ternier  calipera.  Fi)i| 
this  purpose  the  dimenuiona  of  the  groove  to  be  about  i  inch  wide  and  abont  0,% 
inch  deep  from  the  face  of  the  hoop. 

TWO  HOOPS. 


-  'base  diameters  must  subsequently  be  measnred  with  vernier  beam 
\  iiilst  the  hoops  are  in  place  on  the  cylinder),  it  would  be  well  to 
111  t  bis  time  also  with  this  instrument,  in  otlditiou  to  the  measuremeDts 
In  using  the  beam  calipers  it  will  be,  of  course,  highly  important 
il>{«  of  the  honp  shonid  not  be  the  least  bnrred,  so  that  tbea 
-'t  place,  be  carefully  finished  and  groat  c 
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The  grooves  are  made  by  drilling  holes  near  the  oater  faceof  cylinder  and  finishing 
the  grooyes  at  these  portions  with  a  hand  ohisel. 

The  film  of  metal  between  drill-holes  and  inner  surface  of  hoop  is  left  to  be  taken 
out  last,  the  job  being  given  to  a  careful  workman,  with  instructions  to  use  great 
eare  not  to  injure  inner  surface  or  edge  of  hoop.* 

(3)  After  hoops  are  removed, — ^The  same  measurements  to  be  repeated  as  before,  ex- 
eept  that  for  the  cylinder  and  the  interior  hoop  the  exterior  diameter  will  be  meas- 
nrod  at  points  just  beyond  the  grooves,  and  for  exactness  measurements  should  have 
been  made  at  these  same  points  before  the  assemblage. 

HOOPING    OPERATIONS  UPON   THE   EXPERIMENTAL   CYLINDER  FOR  12- 
INCH  M.  L.  R.  MORTAR. 

The  operation  of  shrinking  on  the  hoops  was  conducted  in  the  open 
air,  in  the  vicinity  of  a  crane,  by  means  of  which  the  hoop  conld  be 
lifted  from  the  fire,  shifted  over  the  cylinder,  and  lowered.  The  cylin- 
der and  hoop  were  placed  in  the  circumference  of  a  circle  whose  center 
was  the  vertical  axis  of  the  crane  and  whose  radius  the  length  of  its 
arm. 

The  hoop,  mounted  on  four  iron  supports  and  leveled,  was  surrounded 
by  a  perforated  shee^iron  flask,  of  snfScient  diameter  to  leave  about 
one  foot  between  it  and  the  exterior  of  the  hoop.  The  lower  edge  of 
the  hoop  was  about  6  inches  from  the  ground,  on  which  were  placed 
fine  shavings  to  the  depth  of  an  inch,  together  with  a  few  small  pieces 
of  pine. 

The  cylinder,  also  leveled,  rested  on  an  iron  surface  similar  to  the 
bed-plate  of  a  planer,  and  on  this  plate,  at  the  extremities  of  four  diam- 
eters outside  of  and  close  to  the  cylinder,  were  placed  four  rectangular 
pieces  of  iron,  accurately  planed  so  as  to  be  one-fourth  inch  in  height. 

At  the  bottom  of  the  bore  of  the  cylinder  was  placed  a  wooden  disk 
fitting  water-tight  and  having  a  hole  one-fourth  inch  in  diameter  in  its 
center.  Connections  were  made  with  two  neighboring  hydrants  by 
two  pieces  of  one-inch  hose.  One  hose  terminated  in  a  piece  of  gas- 
pipe  with  one  end  curved,  the  circular  part  being  of  a  little  greater 
diameter  than  the  hoop. 

Its  inner  surface  was  pierced  with  holes  to  give  vent  to  the  jets  of 
water  for  cooling  the  exterior  of  the  hoop.  The  other  hose  was  used  to 
keep  the  bore  filled  with  wat«r.  Four  chains,  with  long  links,  termi- 
nated at  one  end  in  a  ring  common  to  all  and  attached  to  the  crane,  and 
at  the  other  in  an  iron  bar  1  inch  wide  and  bent  at  right  angles  at  its  lower 
extremity  to  form  a  kind  of  hook,  to  engage  the  hoop  in  lifting  it  from 
the  fire. 

For  regulating  the  expansion  of  the  hoops  two  wooden  rods  termi- 
nating in  iron  points  were  used.    This  expansion  was  to  be  kept  within 

vmi  ft°<i  tIw  ^^  ^^^  diameter. 
The  lengths  of  the  rods  were : 


For  inner  hoop  (Hoop  A) 
'or  outer  hoop  (Hoop  B) 


Mazimum. 


Minimum. 


Inehet.  Inehsit. 

31.10458  ;        31.07359 
3e.0216    I        85.0857 


In  the  manipulation  of  the  first  hoop  the  hooks  were  not  placed 
under  the  hoop  until  after  the  minimum  wire  had  entered,  and  as  the 


*Thi8  work  may  be  began  for  the  successive  interior  measaremeuts  of  each  hoop 
won  after  the  shrinkage  as  the  hoop  and  cylinder  may  have  become  cool  enough  to 
work  with. 


' 
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fire  was  very  fierce  some  time  was  occupied  in  placing  tbem,  which 
lowed  the  hoop  to  expand  a  little  in  excels  of  that  allowed. 

In  putting  on  the  second  hoop  the  hooks  were  placed  in  position 
fore  the  fire  was  lighted,  so  that  no  unnecessary  delay  occurred. 

The  shavings  beina;  lighted,  june  wood  was  laid  with  one  endresti 
on  the  ground  and  the  other  against  the  hoop,  both  inside  and  out. 
soon  as  the  minimum  wire  entered,  the  hoop  was  r&ised,  biushed  de 
on  the  inside,  and  lowered  over  the  cylinder  until  it  rested  on  thet>m 
pieces  of  iron  previously  mentioned. 

The  bore  in  the  mean  time  had  been  filled  with  water,  and  as  soon 
the  hoop  was  lowered  the  plug  in  the  bottom  was  removed  and  the  wal 
from  the  hose  turned  in  the  bore. 

When  the  hoop  had  closed  the  other  pipe  was  brought  around  t 
hoop  and  water  turned  on  slowly  at  first,  but  more  plentifully  aft 
wards.    The  water  was  applied  first  near  the  base  and  afterwards  raiy 
slowly  to  the  top.    Care  was  taken  to  bring  the  corresponding  dia 
ters  together. 

Details  of  heating. 


Date 

Fire  lighted 

Minimnm  wire  entered  — 
Hoop  removed  from  fire . . . 

Hoop  in  poHition , 

Water  turned  on  in  bore. ., 

Hoop  cloned 

Water  turned  on  outeide. . 

Water  in  bore  iibnt  off 

Water  on  exteiior  shut  off 


Inner  hoop 
(Hoop  A). 


Jnly2,1884. 


1* 

1 

1 

1 

1 

1 

1 

2 

2 


m. 

12- 

28 

88 

40 

41 

58 

58 

3L 

81 


Onter  hoop 
(Hoop  B). 


July  18,  1884. 
p.  m. 
10*  16- 
10    48 
10    43 
10    45 

10  46 

11  00 
11  01 
11  44 
11    48 


RJ^SUKfi. 


Time  of  beatin  g 

Time  required  to  clean  hoop  and  get  it  in  position 

Timeof  cooling 

Time  from  applicntion  of  hoop  until  it  closed  on  cylinder 

Total  duration  of  experiment 

Temperature  of  w«ter  at  hydrant 

Maximnm  temperature  u{  water  in  bore 

Maximum  rise  of  i  emperatui  e  of  water  in  bore 


•26- 

m- 

2- 

1*- 

39- 

44- 

18- 

15- 

1*  48- 

1*  39- 

TJo 

650 

930 

810.5 

210 

160.5 

•This  hoop  was  ready  for  application  in  16  minutes,  but  its  Terooral  was  delayed  fbr  the  reason  girt 
above. 

tThe  fire  for  the  first  hoop  was  more  intense  than  that  used  for  the  second,  experience  having  shon 
that  but  comparatively  little  heat  was  necessary  to  obtain  the  required  expansion. 

ADDITIONAL  NOTES. 

Inner  hoop  {Hoop  A), 

This  hoop  was  not  placed  exactly  concentric  with  the  cylinder,  on 
side  coining  in  contact  before  the  other. 

The  maximnm  openings  between  the  two  being  at  l**  47™  p.m. =.025" 
1^  52*"  30«  p.  m.=.02";  1^  68™=0. 

At  2.03  p.  m.  (23  minutes  after  application)  the  heat  bad  reached 
point  about  two-thirds  the  thickness  of  the  cylinder,  estimated  from  tb 
exterior. 

At  2.04  the  heat  had  penetrated  throughout  the  casting.    The  ic 
ward  progress  of  the  heat  was  roughly  followed  by  the  hand. 
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At  2.17  the  inner  half  of  the  cylinder  was  hotter  than  the  outer. 

At  2.19  hoop  cool  enough  to  '^  bear  the  hand  "  on  the  exterior ;  heat 
barely  perceptible  on  the  interior. 

At  2.31  the  cast-iron  cylinder  and  steel  lioop  were  sufficiently  cool  to 
sbat  off  the  water;  a  plug  was  placed  in  the  hole  in  the  wooden  disk  to 
keep  the  bore  full. 

Outer  hoop  [Hoop  B). 

This  hoop  was  placed  with  one  point  of  a  scored  diameter  in  contact 
with  the  corresponding  point  on  the  cylinder.  The  maximum  openings 
between  the  hoops  were  as  follows: 


Time  a.  m. 

1 
Maximnm  opening. 

iM*  45- 

10*  45- 

Hoop  In  position. 
=.07''. 

10*  49- 

=  .035". 

10*  63- 

=.03". 

10*  54- 

=.02". 

10*  67- 

=.015". 

10*  57-  30* 

=  01". 

11*  00- 

=0.0".    Hoop  cUmped. 

10*  60- 

Heftt  had  penetrated  inner  hoop. 

N.B. — ^The  maximum  openings  for  both  hoops  are  only  approximate, 
as  tbe  observers  did  not  have  the  proper  gauges  to  make  accurate  ob- 
servations. 

Mxperimental  cylinder  from  12-inch  if.  L,  B,  mortar. 

TEMPERATURB  OP  WATER  IN  BORE. 

Obj$tt :  AppUoation  of  inner  hoop  (Hoop  A).    Date:  July  2,  1884.    Hydrant  temperatwre:  72^  Fah- 
renheit.   TTater  rate ;  17 ot  meaaured.    r«tnp«rature(t^ air:  77°  Fahrenheit] 


Hoop  in  position  on  cylinder  at 

Hydrant  temperature  at 

Temperature  of  water  in  bore: 

Temperature  =  hydrant  temperature  at-. 

Tempfratiireat 

Temp«*rature  at 

Temperature  at 

Temperature  at 

Tem  peratnre  at 

Tem  peratureat 

Temperature  at 

Water  shut  off  at 

Temperature  at 

Temperature  at 

Tem  perature  at 

Temi>erature  at  

Water  let  out  of  bore  at 


Time. 


Tempera- 
ture. 


A.  911. 

0 

1  40 

1  50 

72 

1  50 

2  00 

01 

2  13 

03 

2  17 

91.5 

2  21 

91.5 

2  25 

90.6 

2  29 

86 

2  81 

86 

2  31 

2  45 

91 

2  40^ 

91.5 

2  52 

91 

2  58 

91 

8  00 
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itar  hoop  (HoopB).    Dalt:  Jul;  IB,  1BS4.    BfiraiU  l4mptntmi  €»>  T^ 
nnbatt.     WtUr:  S»U  —• '  ' 


Tlma. 

^^sr 

Horn  lu  poiltlOD  00  cjUudra  U 

si 

11  M 

11  SO 

11  M 

11  M 

t  63 
t  M 

. 

a 
so 

TB,S 
7S.S 

Temperatnro  of  water  In  bore  at . . . 
TemperatDre  of  wal«r  in  bora  at  ... 

m 

BLS 

I. — Removal  of  second  or  outer  hoop  (July  26, 1881), 
PBBPA.BATIONS  FOB  UKHOOPINO. 

A  circular  in  ii  plate  with  a  ceotral  opening  was  placed  horizontally 
npoD  tbree  coDical  lees  or  supports,  so  as  to  elevate  it  abont  18  inchM 
from  the  foundry  floor;  the  exj)eriinental  cylinder  carrying  the  two  8t«l  ' 
hoops  was  placed  apou  this  plate  conceutric  with  the  central  opening. 
The  size  of  the  hole  was  sach  as  to  permit,  without  difQcalty,  the  pas- 
sage  of  the  cyliuder  and  inner  hoop,  but  not  the  outer  hoop.  Exterior 
to  this  cylinder,  and  resting  on  edge  upon  the  same  plate,  was  a  flaslcof 
boiler  iron  three-eigbths  inch  thick,  whose  diameter  was  abont  6  inches 
greaterthan  that  of  the  cylinder  with  its  two  hoops.  The  height  of  this 
Sask  was  about  the  same  as  the  length  of  the  cylinder.  It  was  made  in 
two  sections  (each  a  eemi-circle),  and  held  together  by  bolts  and  keys, 
easily  removable.  The  assembled  flask  was  placed  coucentrically  abont 
the  cylinder.  The  annular  space  between  the  flask  and  cylinder  vaa 
flUed  iu  with  molding-sand,  leaving  a  narrow  annulus  next  to  oater  hoop 
(about  1.6  iuches  thick,  measured  radially)  for  the  introdnctiou  ot 
molten  iron,  which  was  to  furnish  theheat  for  expanding  the  oater  hoop. 
This  open  space  was  preserved  by  the  employment  of  an  annnlo-seg- 
mental  pattern  of  wood,  whose  curvilinear  bonndaries  were  arcs  of  con- 
centric circles,  the  inner  one  having  the  same  curvatare  as  the  exterior 
surface  of  the  outer  hoop, 

This  patteru  was  moved  along  around  the  exterior  of  the  hoop,  and 
the  sand  filled  in  until  the  mold  was  completed.  In  order  to  remove 
readily  the  iron  used  for  heating  as  soon  as  it  bad  expanded  the  hoop 
sufficiently,  three  wooden  partitions  I  inch  thick  were  placed  about 
120°  apart,  so  as  to  divide  the  empty  space  left  for  the  melted  iron  into 
three  equal  parts.  Over  the  middle  points  of  each  of  these  cavities  was 
placed  a  cup-shaped  runner,  lined  with  molding- sand,  and  provided 
with  a  rectangular  slot  iu  the  bottom  about  2  inches  long  and  OJ 
inch  wide,  to  permit  the  passage  of  the  melted  iron  into  the  annular 
segments  next  to  the  hoop.  These  cup-like  cavities  caught  the  metal 
flowing  from  the  ladle,  and  prevented  the  stream  from  atrildng  the 
hoop  in  pouring,  and  thus  overheating  one  spot  unnecessarily.  j 
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A  few  inches  of  moldiDg-sand  was  placed  beneath  the  cylinder,  upon 
which  it  could  fall  without  injuring  the  edges  when  the  outer  hoop  was 
expanded* 

UNHOOPINO. 

When  all  was  ready,  six  men  with  three  small  ladles  simultaneously 
poured  molten  iron  in  until  the  space  around  the  outer  hoop  was  filled. 
As  soon  as  this  hoop  expanded  it  released  the  cylinder  and  inner  hoop, 
which  fell  upon  the  sand  beneath, 'due  to  its  own  weight,  without  being 
affected  by  the  heat  at  all.  80  instantaneous  was  its  fall  that  the  ex- 
terior surface  of  the  inner  hoop  was  cold  when  examined  a  few  seconds 
after  the  fall.  The  instant  the  cylinder  and  inner  hoop  were  released, 
the  outer  flask  was  torn  away  by  loosening  the  keys  and  bolts,  the 
moUliugsand  removed,  and  the  iron,  which  had  chilled,  removed  from 
contact  with  the  hoop.  This  latter  was  easily  done  on  account  of  the 
segments  into  which  it  was  divided  by  the  three  wooden  partitions.  The 
contraction  due  to  cooling  was  not  great  enough  to  cause  the  iron  to 
din?  to  the  exterior  of  the  hoop. 

The  heat  from  the  molten  iron  produced  in  four  minutes  a  higher  tem- 
])erature  in  the  outiT  hoo[>  than  that  used  in  expanding  it  before  shrink- 
ing on.  The  color  of  the  steel  ran  up  between  brown  and  blue,  with  a 
tendency  towards  the  blue.  The  hoop  was  nllowed  to  cool  in  the  air, 
when  both  it  and  the  cylinder  were  measured. 

Time  of  unhooping, 

MeltM  iron  poured  in  at 3*>  30"  p.  m. 

Cyltmler  dropped  ont  at 3^  ;««»  30«  p.  m. 

Time  required  to  expand  ont-er  hoop 2"  30"  \t.  m, 

IruQ  (chilled)  removed  from  contact  \{ith  outer  hoop 3**  34°^  p.  m. 

Time  from  removal  of  cylinder  to  removal  of  heated  iron l^"  30" 

Time  hot  iron  in  contact  with  outer  hoop 4™ 

II. — Removal  of  first  or  inner  hoop  {July  29,  188 1). 

The  arrangements  for  removing  this  hoop  were  similar  to  those  for 
the  outer  hoop,  except  that  but  two  wood  partitions  were  used  for  divid- 
ing the  iron  into  segments,  instead  of  three,  which  probably  accounted 
partially  for  the  difficulty  encountered  later.  Two  runners,  instead  of 
three,  were  also  employe^l,  and  the  molten  iron  struck  the  hoop  in  pour- 
ing, which  should  have  been  avoided.  The  iron  was  too  hot  when 
ponred,  and  in  attempting  its  removal  a  piece  about  4  inches  square 
adhered  to  the  hoop  at  or  near  one  pouring-point,  and  a  piece  about 
12  inches  long  and  of  the  whole  width  of  the  hoop  adhered  to  the  latter 
at  the  other  pouring  point.  These  pieces  resisted  all  attempts  at  their 
removal,  and  were  allowed  to  remain  until  cold. 

Time  af  unhooping. 

Melted  iron  poured  at 4*>  7™  p,  m. 

CMt-iron  cylinder  dropped  out  at 4'»  8™  40«  p..m. 

Time  required  to  expand  inner  hoop 1™  40* 

FUdk  removed  at 4*"  9™  p.  m. 

Greater  part  of  chilled  iron  off  at 4^  10™  p.  m. 

Time  hot  iron  in  contact  with  hoop 3™ 

Part  of  iron  which  adhered  to  hoop  Was  left  until  cool.  Hoop  over- 
heated in  two  segments  by  long  contact  with  hot  metal. 

REMARKS. 

The  results  of  the  experiments  are  tabulated  for  reference,  and  are 
given  in  Tables  A  to  F,  both  inclusive.    The  detailed  measurements  are 
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DIAGRAM  SHOWING  METHOD  OF  UNHOOPING. 
PLAN. 


SECTION  AND  ELEVATION. 


EirLANiTioN  o: 


M.— C  C,  cMt-iitm  htidT :  A  A.  Inner  hoop  |E 


fi  H,  cauiGalHuppuitA;  I,  mold    „ 
tioDH  ta  divide  tD«  panre^I  luetnl  Inio  eeamentfl  for 
Non.-1Ji  Ibe  Beotimi  ond  Blavstian  tfao  cjlinricr 


,. , ,  , r_,  ,    _B.  clotiThMp(Hl»» 

■undi  P  F.  boller-lniD  fluk^  Q  O,  circnlAr  out-lnrc  ptUr: 
mt  Liifurj  Go  cvilndor  Ln  rnUIng;  a  a  a,  wouden  pirti' 
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ooDtainetl  in  Tables  1  to  37,  both  inolasive,  which  form  the  appendix  to 
this  report. 

The  measnrements  made  upon  the  hoops  after  removal,  by  means  of 
molten  iron,  are  practically  valaeless,  on  account  of  the  distortion  due 
to  the  great  heat  and  to  the  clinging  of  the  iron  to  the  metal  of  Hoop  Ax. 


Tablk  a. — Experimental  cylinder  X^-inoh  M,  L.  S.  mortar, 

FBSSCBIBED  AND  ACTUAL  BIHENSIOKS  BEFORE  APPLICATION,  ETC. 

(BXTLAXATioir  OF  TB1UC8  UBBD  IS  TABLKB.— (1)  SecmUrieitff  is  the  difference  between  the  mateat  and 
leMt  dUmeter  in  any  eet  of  four  diametara.  (2)  Mtan  eoeentrieUy  is  the  difference  between  the 
mate»t  and  leaat  means  of  the  measnrements  taken  on  the  fonr  series  of  diMmeters.  (3)  Ooniealneti 
18  the  difference  between  the  mean  diameters,  determined  from>measarementii  at  0.1"  from  each  end 
BSiie  with  Tenter  beam  calipers.  (4)  Maaimum  eonstri^ion  is  the  difference  between  |cnat**st  and 
iMst  n«*ans  of  the  sets  of  fonr  diameters.  (5)  ParaUelitm  is  the  difference  between  the  exterior  and 
interior  lengths,  measured  at  either  end  of  any  scored  diameter.  (6)  Ifcan  paraUelitm  is  the  differ- 
ence between  the  exterior  and  interior  mean  lengths.] 


• 

Casting. 

Snbjeet. 

Dimensions. 

Tariatlons. 

•                  . 

Prescribed. 

.    Actual. 

Allowed. 

Aotnal. 

iBtrrior  diamrter 

12.0 

81. 05208 

8L  05358 

81. 05208 

7.75 

.00168 

.05206 
.055.^8 
.06206 

II 
12.0286 

// 

J    +  .05 
{    -  .00 

1     +.0286 

Xstprior  diameter: 

Tdftoi-f^tlcal     , 

ICsximam 

81.0482 
7.7564 

+  .0085 
-  .0000 

Miaimnm 

—.0039 

Lcncth            

+.0064 

BcUtire  shTinkajce  (per  1  inch) 

Ateulnte  shrioksgo; 

Tbroretleal 

If  AXiqPBm     -^-^-^».^r-,-r-r...-...-,^T-rrTT..,rr, 

+0.0035 
.0.0000 
.0035 
.005 

.0035 

If  iDimun  ...r. ......T... 

.0614 

~.  00068 

PsrallrllMn 

.004 

Xeentrieity 

*.0008 

Cooicalaesa 

C   •.0015 
>    t.OOOl 

Inner  hoop  (Hoop  Aa). 

• 

Bnliijeot. 

Dimensions. 

Variations. 

Pxesoribed. 

Actual. 

Allowed. 

Actual. 

IitfTior  diameter 

8L0 

85.05064 
35.05964 
35.0561 
7.25 
.00168 

.05064 
.05064 
.0561 

II 

<    $80.9068 
i  $[30. 09611 

// 

-.0035 
+.000 

II 

$-.0082 
§-.0089 

Xxterior  diameter: 

Tbeorstical 

ICsximam .             

35.9528 
7.*2490' 

+.000 
-.0035 

MiVlmqin   .--   r.^   ---■.   rr X 

—.0078 

LcBftth  

—.0010 

Selstire  i^rfnkage  (per  1  inch) 

Absolate  shrinkage: 

Theoretieal  

Msximnm , 

+0.000 
-O.U035 
.0035 
-.005 

.0035 

MiDimnm. 

.0560 

—.00364 

PiralleUsm 

0.0 

Booentrieity 

......  .•• . . . 

*.  00088 

Onicshiesa , ....  .  .  . 

5*0.001 
{    t.0026 
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Table  A. — Experimental  oylinder  12'inoh  M.  L.  B.  mortor-^  Continued. 


Oater  hoop  (Hoop  Bat). 

Subject. 

DimanaioDS. 

Yariatioaa. 

Preaoribed. 

ActnaL 

Allowed. 

Aetna! 

Tnt^Hor diAineter .....T....r.., 

II 
35.9 

II 

C 135. 8963 
i$36w8860 

II 

—.0035 
+.000 

♦-_.0M7 
§—.0040 

Sxterior  diameter: 

Thw>r*tloal ., . , 

Hftxlmxini 

41.5 

41.5032 

^o^ 

Hh.0C32 

Miniinam ...,., .r ,,^.^,,,.. 

"lAitlg^h. 

7.26 

7.2475 

'— ^  OOSi 

Relative  Abrinkaffe  (Der  1  incb) 

Absolate  sbrinki^e: 

Theoretical 

MAlinminr    ,..   r  ...........   ,.T.       r-            - rr 

VrfnimillD    ,.- ..rrr.^-r ^ .- »»TT 

Parallelum 

.0035 
.005 

.0035, 

.0009 

SccentricitT - 

•••■••  •••••••• 

*.  ooim 

CoDicaJnens 

i  t.oua 

*  Interior  diameter. 

tExt«rior  diameter. 

t  Determined  from  meaaurementa  made  1  inch  firom  each  end  by  vernier  calipers. 

$  DetermiiLed  from  meaaorements  throughout  hoop  taken  with  adjuatable  rode. 

Table  B. — ConioalnesB, 

[The  conicalness  on  interior  ia  determined  from  meaaurementa  made  with  a4JnBtable  roda;  on  the  ex- 
terior from  measurements  made  with  the  diameter  calipers,  except  in  cases  noted.] 


Caat-lron  body. 

• 

Inner  hoop  (Aa;). 

Outer  hoop  (B«). 

1 

Interior. 

Exterior. 

Interior. 

Exterior. 

Interior. 

£xterior. 

Before  application 

After  aoDlication  of  A  hoop 

II 

.0015 

.0022 
.0021 

.002 
.0026 

II 
.0001 

5  .001 

\  *.  0005 
.0006 
.0015 

.0003 

C   .0037 
{  ♦.  0022 

1     .0026 

II 

5    .0012 
{*.001 

1       .0022 

After  auDlicatiou  of  B hoon ... 

.0035 
j     .0053 

.0025 
C.0184 
{.0198 

.004< 

After  removal  of  B  hooo 

.  0168 

After  removal  of  A  hoop 

.0002 

*  This  measure  for  the  conicalness  was  determined  from  measurement  made  with  vernier  calipers  at 
the  same  points  as  those  taken  with  adjustable  points ;  i.  e.,  at  0".l  from  each  end. 


Tablk  C. — Mean  eccentricity. 


After  removal  of  A  hoop. 


Cast-iron  body. 


Interior. 


Before  application 

After  application  of  A  hoop. 
After  application  of  B  hoop. 

After  removal  of  B  hoop 


n 

.0008 

.0005 
.00045 

.00026 
.00105 


Exterior. 


Hoop  Ax. 


Hoop  'Bx. 


Interior.    Exterior.  Interior.   Ext^ior. 


II 


00047 


.00038 
0005 
*.0013 
*. 00075 


{.: 


00021 


*.0005 


.01947 
0195 


r 


II 

00028 


II 

C   .00044 
{♦.0005 


1 


\- 


I     ♦.001 

.00076    {.:«»♦ 


01685 


( 


*  Measured  by  vernier  calipers. 


00127 


.00125 
I     .01823 


BEPOBT   OF   THE   CHIEF   OF  ORDNANCE. 


223 


Table  D. — Mean  paralleUem. 


fibre  tpplicatien 

Iter  rcMoral  cf  Hoop  Ba. 
fter  ruBoral  of  Hoop  A» 


Cast-iron' 
body. 


.004 


.005 


Hoop  A«.  Hoop  B«. 


0.0 


.0067 


.0000 
.006 


ABLK  IL—JHameUrs  of  bore  of  experimental  oyHnderfor  l2-4nch  M.  L,  E.  mortar  before 
koopta^ ;  softer  application  of  Hoope  Ax  and  Bx;  also  the  compreseione  of  the  bore  dae  io 
the  afplicoHon  of  Hoop  Ax,  Hoop  Bx,  and  both  hoops. 


Kean  diameters  of  bore  ready  for  hooping,  &c 

Compression  of  bore  dne  to— 

• 

DiitaDce  from 
malted  &ee. 

Before  hooping, 
(a) 

After  application 
Hoop  Ax. 

After  flnishinff  ex- 
terior Hoop  Lx.* 

After  application 
Hoop  Bo. 

(d) 

fl 

irl 

pff 

p. 

< 

Applioationof 

Hoop  Bx. 

ib-d) 

IS 

P« 

Hor. 

Hor. 

Hor. 

Hor. 

Hor. 

Hor. 

Hor. 

Hor. 

J  i«cb 

12L0206 
12.0206 
12.0293 
12.0288 
12.0285 
12.0388 
12.0275 
12.0285 
12.0281 
12.0281 

12.0201 

12. 0100 

12. 0101 
10. 0101 
12.0185 
12. 0181 
12. 0170 
12. 0178 
12. 0175 
12.0170 

A  vWNWe 

Inehst. 
12. 0121 
12.  OHO 
12.0110 
12. 0118 
12.0104 
12.0104 
12. 0101 
12. 0100 
12.0100 
12.0100 

Inches, 

Inehss. 
.0005 
.0007 
.0102 
.0007 
.0100 
.0102 
.0086 
.0107 
.0106 
.0102 

Inches. 
.0080 
.0080 
.0081 
.0078 
.0081 
.0077 
.0078 
.0078 
.0075 
.0070 

Inches. 
.0175 

jBiach 

.0177 

jnSuebee 

• 

.0188 

JKlsclm 

en  Inf  hM 

.0175 

.0181 

LJtSiMhes 

.0170 

LITSiBches 

.0174 

UntDcbM 

.0186 

MStddiM 

.0181 

rJ^teehM 

.0181 

Giuid  meana.. 

12.0286 

12.0186 

12.0107 

.0100 

.0070 

.0070 

•ITot  taken. 


tHoop  Bsc  finished  before  application. 
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REPORT  OF  EXPERIMENTS  CONDUCTED  AT  THE  WEST  POINT  FOUNDRY 
ly ASSEMBLING  AND  DISMANTLING  A  COMPOUND  CYLINDER,  REPRE- 
SENTING A  SECTION  OVER  THE  POWDER  CHAMBER  OF  THE  EXPERI- 
MENTAL   STEEL  b-INCH   BREECH-LOADING  RIFLE,  DOUBLE-HOOPED. 

By  Lieut.  Rookbs  Birnie,  Jr.,  Ordnance  Dspartmbxt,  U.  S.  Army. 

(4  plates.) 

Office  of  Inspector  of  Ordnance,  D.  S.  A., 

West  Point  Foundry, 
Cold  Spring,  N.  T.,  April  8, 1885. 

General:  I  liave  the  honor  to  transmit  herewith  a  report  of  the 
hooping  test  of  a  compound  cylinder,  representing  a  section  over  the 
powder-chamber  of  the  experimental  8inch  steel  breech-loading  rifle 
uow  in  course  of  construction  at  this  foundry.  The  test  wa«  conducted 
iu  the  manner  directed  by  your  instructions  dated  December  1, 1884, 
which  are  appended  as  part  of  the  report.  The  assemblage  of  the  sec- 
tion was  completed  during  the  month  of  December,  1884,  after  which  it 
va$  allowed  to  stand  about  two  weeks  before  being  dismantled.  A 
synopsis  of  the  tests  of  detached  specimens  of  the  metal  of  the  elemen- 
tary cylinders,  made  upon  the  United  States  testing  machine.  Water- 
town  arsenal,  Massachusetts,  in  connection  with  the  hooping  test,  is  em- 
bodied in  the  report. 

Very  respectfully,  your  obedient  servant, 

E.  BIENIE,  Jr., 
Lieutenant  of  Ordnance, 
The  Chief  of  Ordnance,  U.  S.  A., 

Washingtonj  D.  C. 

contents. 

Page. 

Mt^UIsttsed  in  the  constraction 228 

Physical  properties  before  and  after  the  hooping  test 229 

Table  I,  elastic  properties  and  strength 230 

Valoesof  physical  constants 234 

Effect  of  the  hooping  test  upon  physical  qaalities 234 

Theboopiosr  teat,  purpose  and  scope  of 236 

Mode  of  conducting  the  test 237 

The  prescribed  shrinkage 238 

Original  dimensioDs  of  elementary  cylinders 238 

Table  II,  measurements  for  original  dimensions 239 

The  Bhrinkage  operations 240 

Table  III,  records  of  shiinkage  operations 241 

Piamantling  the  section 244 

Table  IV,  measurements  pertaining  to  the  removal  of  the  elementary  cylin- 
ders   - 244 

Table  V,  final  dimensions  of  the  cylinders 247 

227      . 


_   J 


228  REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

Summary  of  reBQlts S(9 

Table  VI,  suiauiary  of  meanuremeDta  2'-iOI 

ChniiKeB  of  diineuBioDS  in  tbe  directioD  of  th«  ntdii  and  leDstha  compaKd.  'jr-i; 

Tnbltt  VII Sii! 

Tbwriry  and  iiractice  comparad Sk) 

Table  VIH,  coajpariBon  i>f  actiiiil  witb  tbeorelical  Tulnes Xi- 

Sbriuka){efl  for  the  conatructioii  of  tbe  gun iY, 

Appendix  A.     liiatructioiia  governing  tbe  hooping  t«tpt 2J* 

Appendix  B.     Records  of  separate  meoaaremeDta  for  dimenaions  of  the  elenient' 

ary   cylinders M 

Appendix  C.    ConipntBtiousforthetbeoretioal  valnesofcolunina  (o), Table  VI[I.  ^ii 

Tbis  work  was  prosecuted  uuiler  instructions  from  the  Chief  of  Oni- 
nance,  U.  8.  Army,  aa  a  |ireliminary  to  the  construction  of  the  gnu. 
Id  tbe  section  selected  for  the  test  the  wall  of  the  gun  (see  Plate  [\'| 
comprises  tbe  following  parts,  viz:  The  tube,  2.25 inches;  the  jiu-Let, 
4  inches ;  the  inner  (A)  hoop,  2.15  inches,  and  the  outer  (B)  hoop,  It 
inches  io  tbiuknesn.  ThediauEtcrof  tbe  bore  (or  chamber)  is  9.5  incbei: 
apd  the  exterior  diameter  31.5  inches.  The  thickness  of  wall  is  tiit-n 
1.376  calibers,  expressed'  in  terms  of  the  cutiber  of  the  gun,  and  abuat 
1.16  calibers,  in  terms  of  tbe  diameter  of  the  chamber.  Tbe  length  lA 
the  section  was  made  7.5  inches  for  the  hoops,  with  slightly  increased 
lengtbH  for  tbe  jacket  and  tube,  to  prevent  the  last  from  giving  way  ai 
its  unsupported  ends,  and  with  the  intent  to  equalize  the  diametrical 
changes  of  dimensions  throughout  the  length  of  each  of  the  elementary 
cylinders. 

THE  METALS  USED  IN   THE  CONSTKtjnTION. 

The  metals  composing  the  elementary  cylinders  employed  in  thig  ex 
perimental  construction  were  of  tbe  same  manufacture  &»  those  inteii«lMl| 
to  be  used  for  the  corresponding  parts  of  tbe  guu  for  which  the  tiiliej 
jacket,  and  trunnion  hoop  have  t>een  manufactured  by  Whitwortb,  noi 
all  the  remainder  of  the  hoops  by  tbe  Midvale  Steel  Company,  Si«- 
towu,  Pa.  The  orders  for  the  steel  forgings  for  the  gun  included  twa 
cylinders,  24  inches  tu  length,  of  cross-sections  correepondiDg  to  tht 
tube  and  jacket,  and  to  be  treated  iu  the  ^me  way  as  tbe  larger  pieces. 
The  experimental  tube  and  jacket  cylinders  were  cut  from  one  end  of 
these  cylinders,  'and  the  test  ])ieces  for  the  free  tests  of  the  metal  were 
taken  inside  of  these  or  near  the  middle  of  the  forging.  The  forgiu^ 
for  the  tube  and  jacket  of  tbe  i;un,  manufactured  at  the  saioe  time  nitb 
these  cylinders,  were  rejected  under  te«ts  made  upon  specimens  of  metal 
taken  from  their  breech  ends,  where,  iu*  bas  since  been  sbqwa,  Itie 
metal  was  locally  injured,  probably  by  overheating  in  the  anoealiug 
process  subsequent  to  the  oil  tempering.*  But  tbe  tests  of  the  extra 
forgings  showed  them  to  be  of  an  average  quality  which  woald  penuil 
their  use  for  the  purposes  <if  the  pi'esent  experiment. 

The  tw«  hoops  marked  Ax  and  Bx  were  taken  from  tbe  whole  lot  of 
hoops  made  for  the  gun  by  tbe  Midvale  Company.  The  tests  made  of 
the  metal  of  these  hoops  showed  them  to  possess  the  excellent  uniform 
quality  common  to  tbe  remainder  of  the  lot.  These  two  hoops  were 
rolledt,  oil-tempered,  and  subsequently  annealed. 

*  See  foot-note  to  page  10,  Report  of  the  Chief  of  Otdnanoe,  U.  S.  Army,  ISM. 

New  forgings  for  the  gun  tn  be  and  Jacket,  eioce  sap  plied  by  WhitworUi,h«Tel>Ma 
found  satisfactory. 

t  Tbe  smaller  hoops  for  tbe  portioii  of  the  gnn  forward  of  the  trnnnions  were  forged 
and  not  rolled,  but  the  testaof  the  metal  show  them  to  be  of  practically  the  aui«i)iiil- 
ity  as  the  rolled  hoopa. 
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Physical  properties  of  the  metals  before  and  after  the  hooping  test — 
)ngiiial  testfif  were  made  of  specimen  bars  cut  from  the  several  forg- 
nf;8  to  ascertain  tbe  physical  qualities  of  the  metals  for  use  in  comput- 
us the  shrinkages  to  be  used  in  the  experimental  hooping  test,  and  to 
letermine  the  fitness  of  the  metals  for  the  purposes  of  the  construction. 
Subsequent  tests  were  made  of  bars  cut  from  each  of  the  elementary 
ylinders  following  the  dismantling  of  the  experimental  section,  in  or- 
ler  to  determine  the  effect  of  the  intermediate  operations  upon  the 
physical  qualities  of  the  metals.*  All  of  the  testa  were  made  upon  the 
United  States  testing  machine,  at  Watertown  arsenal,  Massachusetts. 
Plate  I  shows  the  positions  of  all  the  specimens  for  tests  by  both  ten- 
sion au4l  compression  taken  from  the  tube  and  jacket  cylinders;  in  Figs. 
1  and  4  those  for  the  tube  before  and  after  the  hooping,  respectively, 
iind  in  Figs.  1  and  3  those  for  the  jacket  similarly  arranged. 

The  metal  of  the  hoops  was  subjected  to  tests  b^^  tension  only  corre- 
.s}K)ndiug  to  the  important  part  of  their  duty  in  the  gun.    Anticipating, 
however,  from  previous  experiments  that  the  hooping  test  and  inci- 
dental operations  would  bring  about  a  degradation  of  the  tehslle  qual- 
itie^H  of  tbe  hoop  metal,  special  tests  of  bars,  in  addition  to  the  usual 
one.St  were  made  from  the  metal  of  the  outer  hoop.    Six  specimens 
{see  Fig.  3,  Plate  II)  were  taken  from  this  hoop  following  the  hooping 
te$t.    The  alternate  numbers  B  E  X,  1,  3,  and  4  were  first  tested  in 
the  usual  way.  Afterwards  the  remaining  three,  B  E  X,  2,  5,  and 6,  were 
first  subjected  to  a  sudden  stress  of  58.000  pounds  per  square  inch, 
\ihich  exceeded  by  about  2,000  pounds  per  square  inch  the  elastic  limit 
fouud  for  the  first  three  specimens,  and  were  then  tested  in  the  usual 
way.    The  sudden  stress  was  applied  five  times  to  each  specimen  at  in- 
tervals of  ten  minutes  between  the  applications.    Each  application  of 
the  stress  occupied  about  two  seconds  of  time.     The  object  of  these 
special  tests  was  to  ascertain  the  behavior  of  the  metal  following  its 
sabjectiou  to  the  hooping  test  under  circumstances  assimilated  as  nearly 
as  possible  to  those  attending  the  actual  firing  of  the  gun,  and  to  find 
^supposing  its  elastic  limit  to  have  been  lowered  by  the  hooping  test) 
to  what  extent  its  loss  of  elastic  strength  would  be  restored. 

Plate  II  shows  the  positions  of  specimens  taken  from  the  hoops :  in 
Fi^s.  1  and  2  before  the  hooping  test,  and  in  Figs.  3  and  4  following 
that  test.  The  dimensions  of  the  finished  specimen  bars  as  tested  are 
shown  in  Plate  III,  Figs.  1  and  3. 

lu  the  following  table  the  results  of  the  tests  are  arranged  to  show 
tbe  effect  of  progressive  loads  within  the  elastic  limit,  to  enable  the 
selection  from  the  tests  of  original  metal,  of  the  values  of  the  physical 
constants  to  be  used  in  computing  the  shrinkages,  and,  bjr  comparison 
with  tbe  tests  made  after  the  hooping,  to  show  the  percentages  of  gain 
or  loss  of  the  physical  qualities  of  the  metals  within  the  limits  which 
the  metal  would  be  called  upon  to  work  in  the  gun  when  fired. 

*  The  discnsBion  of  the  resalts  of  these  tests  ^woald  iu  natural  order  follow  that  of 
tbe  booplng  test,  bnt  it  seems  better  to  place  it  here  in  order  to  make  direct  compari- 
wn  with  the  test«  of  the  original  metal,  and  present  at  once  the  conclusions  wnioh 
these  tests  of  the  metal  enable  to  be  drawn  regarding  the  effect  of  the  hooping  oper- 
atioDs  apon  the  physical  qualities  of  the  metid. 


J 
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Table  I. — Elastic  properties  and  stnp^th 


Specimen. 


Teste  of— 


TUBU  CYUNDKR. 

By  tension : 

Before  the  hooping  ^ 


After  the  hooping. 


1 


TT  1,  M...  j  3.0  I  0.564 
T  T  2,  I  ....    3.  0     0.  564 


Relative  elastic  extensions  (inches)  and  cottt 
spending  stresses  per  square  incb. 


0. 00130.  0. 00135. 


Lbg. 
45,000 

46,000 

43,350 


0.  00140.  0. 00145.  0. 00150.  i\  (jQ\y 


44,  780 


42, 000 


Lbg. 
46.500 

47,500 

43, 850 

45,  95{) 


Lbtt, 


Lb*. 


48,000     50,500 
49, 500     50, 500 


43,500 


42,000     44.600 


Means  |  42.000     44,000 


Mean  loss  percentage  of  original  qualities. 
Mean  gain  percentage  of  original  qualities. 


6.2 


4.3 


By  compression 


E.T.O 

D.T.  I , 

F.R 


5. 0  0.  798 
5.  0  0.  798 
4.0     0.798 

Befftre  the  hooping.  ■{     G.  B |  4. 0     0. 798 

O.  R 4. 0     0.  798 

Means  


33.  575  ;  3»,  000 


45,000 
46,  000 


45,500 


Lbt.        JAjt 
51,500     52,rWf 

51,500  i  52,  .'^\ 


46,500     48,000     49,.!>h< 


36,425 


37,860  I  .IH.STS     40. -Y 


41,000     42,ijOO     43,500 

40,000     40,750     42.000     43, 600     44. 325    44,  =25 


35.000     36,500     37,600 
36, 000     30. 750      


After  the  hooping. 


CTl.  M. 
C  T  2,  I  . 


5.  0     0.  798 
.''..O     0.798 


37, 115     38. 190 


37,500     39,170     41.000     42,000     44.000     4<J.  Hg 
36.500     37,500     3-^,500  \  39,  iiOO  I  41, 500     Aj,m 


Means  37,  000     38.  335     39.  750     40.  7f»0  I  42. 750     45  :^^. 


Mean  loss  percentage  of  original  qualities  . . 
Mean  gain  percentiige  of  original  qualities 


0.3 


0.4 


JACKET  CYLINDBU. 

By  tension : 


Before  the  hooping 


H.T.  O.. 
I.T.M... 
J.T.I  ... 


3. 0  0.  564 
3.0  '  0.564 
3.0  I  0.564 


P.R t  2.0     0.564 

R.  R I  2. 0  I  0.  564 


47,000 

45,000 

40,  000 

42,000 
42.500 


48,250     49,500  '  .51,500 


46,500 
42,500 


48,000 
44,000 


.53,000  54,.*>» 
49,250  50,010  i  51..V>^ 
45,500  '  47,000  '  48,  tS^^ 


43,  500  ;  45.  000 

44,  000  !  45,  500 


46,  000 
47,500 


Means j  44. 125  i  44, 950     46,400     47.950     49,300     H6.V) 


47,  500     49, »»' 
49,  000     50,  OOii 


After  the  hooping. 


T  Jl.O I  3.0 

T  J2,  M....I  3.0 
T  J3,  1 3.0 


0.564 
0.564 
0.564 


41.000 
47. 000 
41.000 


42,  750  !  45,  000 
48,500  I  50.000 
41,760  I  43  000 


46,500  I  48.000 


Means I  43,000     44,335  \  46,000 


Mean  loss  percentage  of  original  qualities  . 
Mean  gain  percentage  of  original  qualities. . 


2.55 


1.4 


0.86 


By  compression : 
Before  the  hooping . 


50,500 
45.500 

51,000 
47,000 

48,665 

1.3 

i^/M 

47,500 

0.94 

L.T.0 
K.T.I 


..{  5.0 
...  5.0 

M.R 4.0 

N.  R 4.0 


Means. 


0.798 
0.798 
0.798 
0.798 


44.000  45,325  46,000  47.000 

44,  000  46,  000  I  47,  000  '  48.  000 

42,  000  43,  500  '  45,  500  ,  47,  500 

40,  500  I  42,  500  45,  000  |  46,  250 


49,000 


50,  000  52.  m 
48,325  i^m 
47,  000  47.  m 


42, 625  :  44, 330  I  45.  875  47, 190  48, 580 
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^  the  metaU  be/are  and  after  the  hooping  tetL 


(Uti\o  e1a«iio  extension 
(inch««)  and  eoxTMponding 
«tr>*<«e«  per  ftqiuire  inch. 


iMiaa.  O.  M16S.  0.00170.  0.00175. 


ElAstio  limit. 


B 


Is 

■s 

o 


4,  OtJO 


XA«.        Xte. 


X6«. 


Xd«.  ln§het. 

53, 000  0.  0016 

54, 000  0. 0016 

44, 000  0.  00137 


Ultimate  re- 
sistance. 


d 


-§ 


p3 
1 


•2s 


Bemarks. 


50, 380     0. 001522 


JA>i.      Inches,  i 

0.2467     After   53,000   stretched  rapidly 
and  load  fell  to  48,000. 
After  54,000  stretched   rapidly 
and  load  fell  to  40.000. 
0.2000     After  44,000   stretched   rapidly 
and  load  fell  to  41,000. 


86,040 

89,320     0.2400 

84,000 


86.450 


M,  ."K «) 


51,500     53,006    l  53. 000     0.0017 

!  47,000     0.00143 


50, 000     0. 001565 


91,040 


0.2289 


0  2133 


0.7 


2.8 


41,  »aH« 

4:.  .'256' 


43.000     45,000     47,000  ■  49.000  1  0.0018 

44.000     0.001425 
45.625     46,000     46.750     48,000     0.0018 

38,  000  I  0.  00143 

37,000  1  0.00137 


87,560 

0.2433 

89, 300 

0.  2283  ' 

■  •  •   •  « 

3.2 

0.3 

1 
i  ■ 

■ 

47  'ii> 


43.200  ,  0.001565 


48.500   49,500  51,000  53,000  0.001775 
47. 000  57,  670  1  49, 600  5(»,  000  0. 00175 


A*   :»  47.760  48.585  50,250  '  51,500  |  0.001762 


19.3 


12.6 


•  "  •       1  '  '  *  * 

■  * 

80,600  

78.400  

79.500  I 

^^  _ 

Rapid  deflection  at  50.000  ]>onnda. 
Rapid  deflection  at  45,500  ponnds. 
DexMded     deflection     at    50,000 

ponnds. 
Gradual  deflection  beyond  elastic 

limit. 


Triple  flexure. 
Do. 


oo.^JO     56,500     5^000     59, 500  .  60, 800  ,  0.0018 

5t«W     ;  62,800  I  0.0016 

49.000    30,500     52,000  I  53,500  :  59,760  0.0020 

aC'.jOO     52,000  i  53,000    |  53,  000  I  0. 0017 

'     I 51,000  0.0016 


^1  im 

31.760 


55.472     0.00174 


-.  , I  49,000  I  0.0016S3 

'51,000     0  00150 

4^.  jOO     50. 500     52.  000     53,  500     59,  000  >  0.  002033 


53,  000  ,  0.  001689 


4.5 


2.9 


[         49.000     0.0015 

'A  650     53, 500     55, 000     56, 000     50. 000     0.  001775 

50.  SOU     52,500     54,  000  :  56,250     57,000  1  0.0018 

4»,1<0<J     51,500:53,000' 54, 000  1  0.  001733 


54,750  i  0.0c  1702 


104, 000  i  0.  21 
03,280  ,  0.20 

I 

97, 000  i  0. 173 
100, 560     0. 12 


After  60,800   stretched   rapidly 

and  loati  fell  to  57,000. 
After   52,800   stretched  rapidly 

and  load  Jbll  to  50,000. 
After  59,760   stretched   rapidly 

and  load  fell  to  66,000. 


91,600 

0.20 

97,288 

0.1806 

88,160 

95,400 

107, 140 

0.25 

0.2167 

0.150 

96.900 

0.2056 

0.4 

'  'i3.'8" 

........ 

Rapid  deflection  at  50,000  ponnds. 
Rapid  deflection  at60,000  pounds. 

Gaye  suddenly  at  54,000  ponnds. 
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Table  I. — Elattic  properties  and  ttrength  of  fk 


Specimen. 


Teflta  of— 


Stem. 


Relative  elsMitic  extension  (inches)  and  corre- 
sponding stresses  per  square  inch. 


Marks. 


Jacket  ctlihdkr— Con- 
tinued, j 

By  compression : 


After  the  hooping  < 


a 
e 


S 

5 


0. 00130. 


C  J1,0 

C  J2,M  ... 

C  J8,I 

Means. 


5.0 
5.0 
5.0 


0.798 
0.798 
0.708 


Lbs. 
46,000 

42,000 

37.860 


Mean  loss  percentage  of  oii^inal  qualities. 
Mean  gain  percentage  of  original  qualities 


A  HOOP. 

By  tension: 

Before  the  hooping. 


41, 955 


1.06 


0. 00135.  0. 00140.  0. 00145.  a  00150.  a (M)\'a\ 


1 


Lbs.        Lbs.    !  Lbs. 
48,000  49,500  I  51,000 

43,000  I  44,000  1  45,000 


Lbt.    I    LU 
52, 000     S3, 5^ 

46,000  I  47.::*. 


39.285  i  41,000  '  42,500  i  44.000     i^tii 


43. 430  !  44, 865  I  4<t.  165     47. 335     49  .^ 
2.7 


2.2 


1 


R  A  X  2. 

0.. 

6.0 

0.564 

RAxl. 

I  .. 

6.0 

0.564 

R  Ax4, 

0.. 

8.0 

0.564 

RAx3, 

I  .. 

3.0 

0.564 

42,000 
45,000 
47,500 
43,500 


Means ;  4^,500 


After  the  hooping 


1 


A  E  X  1,  M 

A  E  X  2.  1 
A  E  X  3,  M 

6.0 
6.0 
6,0 

0.564 
0.564 
0.564 

7kr«»aTia 

40,000 
42,000 
38, 750 


40,260 


Mean  loss  percentage  of  original  qualities. 
Mean  gain  percentage  of  original  qualities. 


9.55 


44,000 
46,665 
48.500 
45,500 


2.17 


2.55 


46,165 


41,500 
43,500 
41,000 


42,000 


9.02 


B  HOOP. 
By  tension : 

Before  the  hooping. 


After  the  hooping.  * 


R  B  X  2,  O  . . 
RBxl,  I... 
R  B  X  4,  O  . . 
RBx3, 1.- 

Means. 

BEX  1,0.. 
BEX3,  O.- 
BEXi,  I.. 

Means. 


46,500  47,665     49.000  .V)  001 

48, 000  I  49.  500  i  52, 000  51  <nO 

51. 000  j  53,  500     55, 000  56. 5»j 

47,500  48,500     50,(K)0  •  b\.Ur> 


48,250  '  4P,790     51.500     52,7' 


43, 000  I  44.  500 
45,000  ;  46.500 
43.250  I  44,000 


46, 330  I  47.  :r.^i 
48.000  i  49,fK*9 
45,330     47.i.<« 


43,  750  '  45, 000  I  46,  555  47,  s3: 


9.33 


9.62 


9.41 


9L3; 


6.0 
6.0 
3.0 
3.0 


0.564 
0.564 
0.564 
0.564 


44,000 
43,500 
43. 000 
41>,  500 


6.  0  0. 564 
6.0  !  0.564 
6.0  I  0.f64 

1 


46,000  ;  47,330  48,500 

46,000  i  47.000  I  48,000 

45,  500  I  47. 000  I  47, 750 

46,250  47,000  48,500 


47,080 


49,650  51,'Aifl 

49, 500  ."il.  ^ 

49. 000  51.  '^y 

49, 500  5ii.  ';'xi 


48,185     49,410     bllU 


Mean  loss  percentage  of  original  qualities. . , 
Mean  gain  percentage  of  original  qualities. . . 


5.98 


By  tension,  after  the 
looping 

Special. 


'i 


BKX2,  I.. 
BEX5.  O.. 
BEX6,I.. 


6.0 
6.0 
6.0 


44,000  45.830  I  46.500 
41,  500  43,  000  I  U,  330 
42,000     44,000  !  45,000 


48, 000  49,  m 
45.330  4«.5^; 
46, 665    47.  bOO 


40.  665     42,  500 


7.48 


0.564 
0.564 
0.564 


I  36,365 
,  37,500 
;  36.626 


Means t  36,980 


37,730 
38,750 
38,075 


88,185 


Mean  loss  percentage  of  original  qualities . . . 
Mean  gain  percentage  of  original  qualities. . . . 


14.6 


16.9 


44,110  I  45.275 


6.31 


6.04 


88,100 
40,000 
39,230 


40,420 
41.250 
40,420 


46,665    47,660 


5.55       tU 


41,690  I  42.»6» 
42.500  143.TM 
41,670    42,920 


39,110  I  40,695  I  41.955    43.!1« 


16.9 


15.5 


l&l       Hi 


Non.— The  terminal  letters  above  have  the  following  signidcatioB. 
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K«lalWe  elastio  extensioo 
(iDchc«)  ftnd  correfipondiDX 
Ktrusflea  per  square  inrh. 


a  00160.  0. 00166.  |0. 00170.  0. 00176. 


Elastic  limit 

m 


Ultimate  re-    ' 
Biatance.       I 


C 

Is 

•s 

o 


(4 

P. 


5*^ 
OB  a 


M 


RemarkSi 


Lb^       Lbt,        Lb$.        Lb9.    i    Uys.    \   Inehet.   \    IA>i.    \  Inchea. , 

55,000    50,000  '  57.000  ; |  57,000  I  0.U017      |  88,760  > i  Triple  flexure;  bent  IHOo  with- 

I              ,                 I  out  fraotnre. 

53,500  '  55,000  '  0.001825     87,840  i 


50,000     51,000  I  52.000 
47.500    49.000     50,000 


51, 500  i  58, 000  !  0. 00195 


87,920  ; 


»,^     52.000     53,000  \.. 


56,  C6.5     0.  001825 


>*•*•< 


3.5 


88,175 


7.2 


5:2,000    52, 750  !  54. 000  •  56, 600  |  62, 000     0.  002017  1107.  200 


54,500  I  57,000  <  58,500 
57.300  5R, 500  ;  60. 000 
.13.000    54,500     56,000 


60,  500  !  62,  000  0. 001783  107,  280 
62.  500  60. 000  0.  001967  ,100, 240 
57,  500  '  65,  000  ,  0. 002067  '  105, 200 


0.1667 
0. 1317 
0. 1767 
0.1933 


Bo. 
Triple  flexure. 


54.250    55,690     57.125     59, 01^0  .  63,  750  !  0.001958    107,  230  i  0. 1673 


49,000  50, 000  ,  52,  000  53, 665 
31. 000  52, 500  I  53.  665  i  .%*>,  200 
4&  665    50, 000     51,  50U- ,  53. 330  ;  61,  000  I  0. 002050  1103. 160 


57,000  I  0.001833    100,440 
50,000  ;  0  001833  |  99,680 


49,555    50,835  •  52,390  i  54.065  |  59,000     0.001939  1 101,  093 


0.1667 
0.1633 
0. 1800 


8.65:     &72  I      8.29  1      8.36 


7.45 


0.  97  1      5. 72 


0.170O 


1.6 


52,»0  ,  53.500  .  55,000  ....    ftS,  000 

52.250  I  53, 000  ,  54.  500  I  56,  000     58,  OOO 

52.  OOO    54, 500     55,  500  56,  250  |  60, 000 

51.000    52,500,55.000  56,500     61.000 


0.0017       101,840  '  0.1567  I 
0  00iai3  ilt3.  ?80  I  0.16 
0.001033  '104.000  '  0.1867  I 
0.001933  1 104. 360  j  0.1867  | 


51 150    53.375     55. 000  | I  58, 500 


50.S00    52,000  i  53.006  I  54.330  |  5.5,000 
4i^0C0  I  50,000     51.250     52,000     55.000 


0.00185    1103.370     0.1726 


0.001783  ,100,440 
0.001850  I  98.440 


0. 1417 
0.1500 


4a.  500 

60,000 
50,665 

51,500 

53.500 

57. 000 

0. 001900 

100,080 
99.653 

0.1450 

49.000 

51,915 

53.275  1  56,665  ;  0.001844 

0.1456 

6.04       5.06        5.61 

4. 85  '           0. 3  1        3. 6 
1  1 

16.6 

44.200  I  45,860 
45,000    45,940 
44.170  145,420 

46,430 
46.880 
46, 670 

47.600 
47.820 
47,920 

63.000 
63,000 
68,000 

0.002583 
0.002517 
0.002617 

\ 

98.800 

97.200 

100.160 

0.1300 
0.1700 
0.1333 

K455 

46,575 

46,600 

47,745 

63,000 

0.002572 

98.720 

0..1444 

118 

14.6 

26.1 

4.6 

16.8 

7.7 

89.1 

-. 



Subjected  first  to  a  sudden 
stress  of  58.000  pounds  per 
square  incb, applied  Ave  times 
at  intervals  of  ten  minutes, 
each  application  takinsabout 
two  seconds  of  time.  Finally 
tested  In  the  usual  way  by 
progressive  loads  applied  in- 
termittingly. 


Til:  T,  tSBfSBtial;  R,  radial ;  O,  outside ;  M,  middle ;  I.  inside. 


234 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Values  of  the  physical  constants, — ^lu  selecting  these  values  to  be  8nl>- 
stituted  for  the  constants  in  the  formulas  applied  for  determining  the 
shrinkages  for  the  experiment  it  is  observed  that  the  tests  of  the  differ- 
ent specimens  of  the  original  tube  metal  show  great  irregularity  of 
elastic  strength,  and  the  specimens  botli  for  that  and  the  original 
jacket  metal  failed  notably  after  reaching  a  stress  exceeding  but  little 
the  so-called  elastic  limit.  Then  as  the  tube  and  jacket  would  Lave 
principally  to  withstand  compression  only  in  the  hooping  test,  a  greater 
value  is  attached  to  those  tests,  and  finally  those  values  have  been 
selected  under  which  all  of  the  compression  specimens  showed  perfect, 
or  nearly  perfect,  elasticity.  With  regard  to  tht?  hoops  the  values  given 
below  are  based  generally  upon  the  results  of  tests  of  specimens  from 
the  whole  lot  of  hoops  made  for  the  gun,  including  the  hoops  Ax  and 
B.r,  given  above. 

The  following  are  the  values  adopted  :* 


Subject  of  ineasQrement. 


Allowable  diftplacemeut  per  linear  unit inches  . 

Corrpgponding  load  per  square  inch  : 

Pounds  

Tons  

Moduli  of  elasticity: 

Pounds ' 

Tons  


Tube. 


0.  00135 

38,200 
17.035 

28  300. 000 
12,034 


Jacket. 


0.0015 

48,750 
21.  736 


Hoops. 


0. 00175 

56.000 
25.0 


I 


32,500,000  I  32,000.000 
14,509  14,2i;6 


Effect  of  the  hooping  test  upon  the  physical  qualities  of  the  metals. — Ex- 
amining the  individual  records  of  the  bars  tested  after  the  hooping,  we 
find  no  reason  to  susj^ect  a  local  imperfection  in  the  metal  which  might 
have  lowered  the  record,  except  possibly  for  the  tension  specimen  T  J,, 
from  the  outside  of  the  jacket ;  for  the  rest  the  percentages  of  "  gain  ^ 
or  ''  loss  "  shown  are  sufficiently  marked  to  enable  well-grounded  de 
ductions  to  be  made  in  several  particulars  regarding  the  effect  of  the 
hooping  test  upon  the  physical  qualities  of  the  metals. 

(1)  The  elastic  limit  of  the  tube  metal  under  compression  was  mark- 
edly elevated  both  in  respect  to  the  stress  supported  and  the  elastic 
displacement;  the  respective  percentages  of  "  gain  "  are  19.3  and  12.6, 
and  it  will  also  be  observed  from  the  column  of  remarks  that  the  two 
specimens  failed  by  triple  flexure  instead  of  showing  a  failing  point,  as 
in  the  tests  of  the  original  metal.  Fig.  5,  Plate  111,  shows  the  form  of 
one  of  these  specimens  after  the  test. 

(2)  The  qualities  of  the  jacket  metal  under  compression  were  also 
improved,  for  while  this  metal  shows  a  "  loss  "  in  respect  to  the  load 
supported  under  relative  displacements  between  1.3  and  1.5  thousandths, 
yet  at  the  elastic  limit  it  shows  a  gain  of  3.5  per  cent  in  the  load  sup- 
ported and  of  7.2  per  cent,  in  elastic  displacement,  and  still  better 
proof  is  given  by  a  comi)arison  of  the  manner  in  which  the  specimens  \ 
stood  the  test.  One  of  these  si>ecimens,  which  was  bent  180^  without 
fracture,  is  represented  in  Fig.  6,  Plate  III.  i 

(3)  The  metal  of  both  the  hoops  shows  a  clear  loss  of  tensile  qual- 
ities. With  the  A  hoop  this  loss  varies  from  9.62  per  cent,  in  the  load 
supported  under  an  extension  of  1.45  thousandths  to  7.45  per  cent,  at 
the  elastic  limit,  and  with  the  B  hoop  there  is  similarly  a  loss  varying 
from  7.48  to  4.85  per  cent.    This  decrease  in  the  load  supported  for  a 

•For  the  subsequent  use  of   these  values  and  computation  of  the  Bhrinkageij  8c*e 
Notes  on  the  Construction  of  Ordnance,  No.  31.  ' 
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driven  extension  carries  with  it  a  corresponding  decrease  in  the  modulus 
i»f  elasticity.* 

Rerf^pecting  the  qualities  of  the  tube  and  jacket  metal  under  tension 
there  is  little  or  no  change.  We  Judge  from  the  record,  however,  that 
the  tensile  qualities  of  the  latter  metal  are  slightly  impaired  notwith- 
standing the  doubt  resting  upon  the  specimen  T  Jt ;  aside  from  this  the 
records  of  the  specimens  are  broken  after  passing  the  extension  1.6 
Thousandths,  whilst  under  the  tension  tests  of  the  original  metal  all  the 
s|H^cimen8  passed  the  extension  1.6  thousandths. 

We  have  now  to  consider  the  results  of  the  special  tension  tests  made 
of  the  B-hoop  metal.  It  will  be  seen  at  once  that  the  results  of  these 
tests  are  highly  reassuring.  The  special  elastic  limit  developed  is  the 
sjune  for  each  specimen  and  equal  to  63,000  pounds  per  square  inch. 
Not  only  is  the  loss  of  original  qualities  counterbalanced  by  sudden 
strains  assimilated  to  those  which  the  metal  will  undergo  in  tiring  the 
gjiui,  but  the  load  originally  supported  at  the  elastic  limit  is  raised  7.7 
per  cent,  and  the  elastic  stretch  is  raised  39  per  cent.  The  loads  for 
pven  stretches  within  the  elastic  limit  are  decreased  and  thus  also  the 
nicHlulus  of  elasticity,  but  the  subjection  of  the  metal  to  the  sudden 
strains  has  increased  its  capacity  to  perform  work  and  has  thereby  cer- 
tainly not  diminished  its  utility  in  the  gun  structure. 

The  further  conclusions  to  be  drawn  from  these  comparisons  are  that 
ill  ronsidering  the  properties  of  metal  tested  for  gun  construction  with 
reference  to  its  behavior  in  the  structure  we  may  expect  the  tube  to 
possess  higher  qualities  than  shown  by  the  tests,  the  jacket  to  remain 
iil>out  neutral,  and  the  hoops  to  possess  a  decreased  elastic  strength, 
and  for  the  particular  structure  under  consideration  the  qualities  of  the 
lioops  should  be  estimated  at  about  10  per  cent,  below  those  determined 
by  the  tests  of  detached  specimens.  The  loss  of  strength  in  the  hoops 
is  evidently  due  to  the  fact  of  their  being  forcibly  restrained  from  re- 
suming their  original  dimensions  whilst  cooling  from  a  heated  state.t 
This  loss  is  shown  to  be  not  excessive  and  also  (from  the  special  tests 
^iven)  apparently  not  dangerous  for  the  service  of  the  gun,  but  it  is 

•  In  conlirmatiou  of  tbese  results  w«  refer  to  th»^  following,  which  have  not  been 
found  heretofore  reported,  owing  to  the  fact  that  they  were  not  available  when  the 
re|H>rt  in  q  nest  ion  was  rendered.  They  refer  to  the  shrinkage  tests  of  Mid  vale  steel 
hoops  No.  9018  and  9020  (see  Notes  on  the  Construction  of  Ordnance  No.  25).  Tests 
were  made  of  specimen  bars  cut  from  these  two  hoops  after  the  conclnsion  of  the 
<ibriokage  te^ts.  The  losses  and  gains  from  original  qualities  shown  by  a  comparison 
of  the  ujean  of  these  tebls  with  those  given  on  page  3  (note  25)  are  as  follows: 


,  Hoop  0018,  oil-  I  Hoop  9020,  an* 
'       teraperiMl.      ,         iicaled. 

Subject  of  measurement. 

,  Losa.      Gain.      Lofw.      Gain. 


P,  ct.  P.  et  I  P.  ct.  P.  ct. 
Slaatic  limit:  I 

Streat  in  poonda  per  square  inch 9.33    |      t).  65 

Kelative  elastic  extension  3.  5  2. 80  , 

Ultimate  resiataDce :  I  | 

StrpftH  in  pounds  per  square  inch 6.12    4.88 

Relatire  extension 12.75 


Ratioofelaatio  to  ultimate  resistance 3.57    

Contraction  of  area  at  fracture  i 0.6 

Ultimate  rasistaaee  per  square  inch  of  fractured  area. . .       5. 72    


1.74 
4.15 
27.6 
12.3 


t  This  conclnsion  is  simply  confirmatory  of  the  resnlts  stated  by  General  Rosset 
from  tests  made  by  forcibly  restraining  long  bars  of  heated  steel  whilst  cooling. 
(Notes  oa  the  Construotton  of  Ordnance  No.  11,  page  7.) 
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evident  that  every  means  shoulil  be  used  to  avoid  it.  The  quesiioii  id- 
voh'cs  three  important  factors,  viz :  (1)  the  nature  of  the  metal ;  (2)  tbc 
amount  oi  shriokage  employed;  and  (3)  the  heat  employed,  both  ha 
regards  its  degree  and  its  nature.  The  first  of  these  points  caouot  W 
discussed  here;  but  the  A  hoop,  originally  possessing  a  higher  elaMlii? 
limit  than  the  B  hoop,  showed  a  relatively  greater  loss  than  the  latter, 
whilst  the  two  were  presumably  of  like  metal,  so  that  independent  ut 
the  chemical  composition  of  the  rai-tal  a  high  development  of  the  elastic 
qnalities  in  the  tempering  may  not  be  considered  unmixed  with  t\\i. 
The  two  remaining  points  may  be  regulated  by  avoiding  excesKive 
Bhrinkages  wherever  ])ossible  and  by  careful,  uniform  beating  to  a  de- 
gree not  greater  than  that  required  For  the  assemblage. 

Supplementary  tests  were  also  made  for  hardness  of  the  jacket  metal, 
which  appeared  under  the  cutting  tool  to  be  softer  after  it  was  heat«^ 
and  shrunk  upon  the  tube  than  it  was  originally.  The  form  of  the  t^^t 
specimen  is  shown  in  Fig.  2,  Plate  III.  Three  specimens  J„  Ji,  and  Ji, 
Fig.  1,  Plate  I,  taken  from  the  original  metal,  gave  the  following  de- 
grees of  hardness  :  18.88,  20.!)3,  and  21.29,  an  average  of  ^0.37;  vit'iUt 
three  othertt,  J(,  Jj,  and  Je,  Fig.  3,  taken  from  the  cylinder,  atter  tlie 
hooping,  gave  the  following:  22.1)1,  18.1!),  and  1!>.39,  an  averaj^  <>f 
20.03 — showing  that  the  efi'ert  of  the  shrinkage  operations  produced 
little,  if  any,  softening  of  this  metal. 

THE  HOOPING  TEST. 

The  purpose  of  this  experimental  consjrucCion  was  to  obtain  in  geo- 
eral  such  data  as  Goald  be  made  available  in  the  after  construction  of 
the  gun  ;  to  determine  the  behavior  of  the  elementary  cylinders  in  couj- 
bination  under  the  theoretical  shrinkages  deduced  by  a  rigorous  ap|>ii- 
cation  of  the  theories  and  formulae ;  the  individual  behavior  of  the  ■ele- 
mentary cylinders;  and  whether  the  aforesaid  theoretical  sbrinkagfs 
should  be  applied  in  the  after-construction  of  the  gun  or  to  what  ex- 
tent they  should  be  modified  for  that  construction. 

The  test  is  in  part  necessarily  supplementary  t«  the  free  tests  of  de- 
tached specimen  bars,  for  the  latter  serve  to  determine  the  absolute 
values  which  represent  the  physical  pro|>ertics  of  the  metals  and  be- 
come the  standards  of  reference.  The  hoojiiug  test  famishes  an  ahso- 
Inte  knowledge  of  the  displacements  of  the  fibers  of  the  metal  aiooe, 
but  by  means  of  this  factor,  which  is  common  to  both,  we  are  enabled 
to  compare  the  results  of  the  two  kinds  of  tests.  In  the  hooping  test, 
however,  each  elementary  cylinder  may  be  considered  as  a  complete 
specimen  bar,  obedient  to  laws  similar  to  those  which  govern  the  be-  : 
havior  of  detached  speciiuens  under  test,  and  therefore  affording  a  more  , 
certain  knowledgeoftheelasticdisplacenieutaof the cyliuderassuchtliaa  I 
can  be  derived  from  the  free  tests.  The  results  of  the  booiiing  test  inay 
then  be  used  to  confirm,  or  possibly  to  modify,  those  determined  by  tbe 
free  tests;  that  is,  we  may  find  that  a  given  cylinder  will  stand  the 
same  (or  perhaps  a  different]  amount  of  elastic  displacement  as  shown 
by  the  free  tests  of  its  metal. 

The  variety  of  rules  and  formulas  applied  to  the  construction  of  buds 
and  the  lack,  so  far  as  known,  of  concise  data  tending  to  prove  or  dis- 
prove the  reliability  of  any  given  set  of  theories  and  formalas  has  led 
in  the  present  experiments  to  an  attempt  to  supply  such  data.  Besides 
tbe  practical  knowledge  applicable  to  the  particular  case  in  hand  t«  be 
derived  from  this  experiment  an  opportunity  ia  afforded  for  a  critical 
comparison  of  the  results  of  theory  and   practice  as  applied  to  the 
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chaii^eH  of  dimensions  occurring  in  each  of  the  elementary  cylinders 
employed,  and  thas  obtaining,  in  so  far  as  the  state  of  rest  of  the  sys- 
tt^m  is  concerned,  a  knowledge  of  the  reliability'  of  the  formulas  em- 
]»loye4l  which  becomes  of  general  application.  The  principles  and 
formulas  enunciateil  by  Major  Glavarino  of  the  Italian  army  (see  Notes 
on  the  Construction  of  Ordnance,  Nos.  6  and  7),  by  their  direct  bearing 
upon  the  data  obtainable  in  an  experiment  of  this  kind,  aiford,  better 
than  any  others  in  general  use,  a  means  of  making  the  comparison  de- 
sired. This,  taken  in  connection  with  their  reliability  as  indicated  by 
previoQH  experiments  and  their  general  reasonableness,  has  led  to  their 
present  adoption.* 

The  effect  of  the  hooping  and  incidental  operations  upon  the  physi- 
cal qualities  of  the  metals  has  already  been  referred  to.  It  is  considered 
an  imi>ortant  part  of  the  investigations.  In  other  respects  this  report 
will  iuclude,  in  brief,  the  methods  employed,  the  results  obtained,  and 
such  incidental  matters  of  interest  as  have  bc'en  noticed  which  may  be 
of  use  in  future  work  of  the  kind,  either  in  extending  a  knowledge  of 
the  same  or  in  helping  toward  more  complete  investigations. 

MODE  OF  CONDUCTING  THE  TEST. 

The  general  instructions  prepared  in  advance  for  the  guidance  of  the 
work  are  given  in  full  in  Appendix  A,  and  render  further  description 
of  the  kind  unnecessary.  These  instructions  were  varied  in  one  ])artic- 
ular  only,  namely,  that  the  grooves  a  a,  Fig.  1,  Plate  IV,  required  to 
be  made  in  the  end  faces  of  the  A  for  measuring  the  interior  of  the  B 
hoop  in  place  were  cut  before  the  B  hoop  was  assembled.  This  change 
was  introduced  to  simplify  the  work.  It  reduces  the  risk  of  injury  to 
the  interior  surface  of  the  outer  cylinder  and  gives  greater  contidence 
iu  the  results.  When  one  cylinder  is  shrunk  upon  another  whose  outer 
surface  it  does  not  cover — that  is,  if  the  ends  of  the  under  cylinder 
project— there  will  be  caused  a  slightly  bell-shaped  form  at  the  in- 
terior extremities  of  the  outer  cylinder,  and  the  end  diameters  will  be 
stretched  more  than  those  within.  By  cutting  the  grooves  for  the  meas- 
urements before  placing  the  outer  cylinder  and  thus  not  subjecting  the 
euds  of  the  outer  hoop  at  all,  within  the  limits  of  the  grooves^  to  the 
abnormal  stretch  noted,  it  seems  that  a  possible  source  of  error  is  elimi- 
nated. However,  the  change  made  commends  itself  for  simplification 
of  method  alone. 

The  resultsobtainedfrom  cutting  the  tube  and  jacket  cylinders  in  two 
before  separating  them  in  dismantling  the  section  were,  to  some  extent, 
not  satisfactory,  as  will  be  shown,  and  suggest  the  propriety  in  future 
experimental  work  of  this  kind  of  removing  the  jacket  by  cutting  through 
longitudinally  on  one  side,  as  was  done  with  thehoo2)s  in  the  present  case. 

*  It  may  be  remarked  here  that  whilst  thoHo  formulas  are  heroinafter  shown  to  be 
fally  reliable  for  all  practical  purposes  in  indicating  tlie  radial  changes  of  dimensions 
which  occur  in  the  elementary  cylinders  of  a  compound  cylinder  assembled  under 
shrinkage,  they  are  not  so  as  regards  changes  of  length.     But  if  we  omit  the  factor 

which  (page  6.  Note  6)  Glavarino  introduces  into  his  fundamental  formulas  to  em- 
body the  longitudinal  stress  supposed  to  exist  in  all  states  of  the  system,  and  carry 
this  modification  to  all  the  formulas  of  application,  we  will  obtain  theoretical  results 
which  wiU  compare  more  closely  with  the  practical  results  of  the  present  experiments. 


t  I  • 


238 


REPORT   OF    THE    CHIEF    OF   ORDNANCE. 


THE  PRESCRIBED  SHRINKAGES. 


.  1 


The  theoretical  vahies  of  the  shrinkages  prescribed  as  the  tneau  val  uev 
to  be  applied  in  the  hooping  were  as  follows :  • 


Relative 
values. 


Thofitandths.  \ 

Fli-st  uhrinkaKe 0.45833  , 

Second  shrinkage J.  378  I 

Third  shrinkage 1.3734  I 


Absolute 
Taloes. 


Inek. 
0.0065 
0.0303 
0.0M1 


The  method  by  which  these  values  were  deduced  is  given  in  full  in 
Kotes  on  the  Construction  of  Ordnance,  No.  31,  Part  II,  which  consti 
tutes  a  preliminary  study  of  the  construction  of  this  gun  confined  to 
the  section  over  the  powder  chamber,  and  based  upon  the  qualities  of 
the  metal  of  the  cylinders  used  in  the  present  experiment.  Indedueiuz 
the  shrinkage  values  the  fundamental  principles  employed  were  those 
of  Clavarino,  but  certain  restrictions  will  be  found  to  have  been  applied 
in  the  use  of  his  formulas  whereby  the  results  were  made  to  satisfy  tbe 
strict  requirements  of  the  theories,  and  to  this  it  is  believed  we  munt, 
in  a  certain  measure,  attribute  the  satisfactory  comparison  adduced  be- 
tween the  results  of  theory  and  practice. 

FINISHED  DIMENSIONS  OF  THE   CYLINDERS  PREPARATORY  TO  THE  AS- 

SEMBLAGE. 


■\    \ 


1 


i      ' 


The  cylinders  were  bored,  turned,  and  faced  to  the  prescribed  dimen- 
sions while  attached  by  ^'dogs"  to  the  face  plate  of  an  ordinary  lathe, 
using  a  single  cutting  tool  and  bar.  They  were  first  rough-finished  onaJ] 
sides,  then  faced  at  one  end  and  successively  bored  and  turned  to  fin- 
ished  size  before  facing  the  opposite  end.  The  finished  surfaces  were 
not  ground  or  polished,  but  were  made  as  smooth  as  possible  with  the 
cutting  tool,  and  in  some  parts,  where  a  very  slight  amount  of  metal 
was  to  be  removed,  were  finished  by  using  a  file  in  place  of  the  tool. 
The  results  of  the  measurements  made  of  the  finished  work  are  given  in 
the  following  table : 

*  See  Appendix  A. 
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It  may  be  observed  that  the  allowed  variations  were  exceeded  iu 
two  cases  only,  viz,  the  exterior  (mean  dimension)  of  the  jacket  cylin 
der  was  turned  0-0007  of  an  inch  too  great,  and  the  A  hoop  was  bored 
0.0005  of  an  inch  too  small.  The  results  warrant  some  modification  of 
the  allowed  variations  prescribed  by  the  instructions,  appendix  A,  and 
permit  the  establishment  of  the  following  for  similar  gun-construction 
work,  viz : 

Mean  eccentricity O.Curi 

Coulcalness , 0. 1"';' 

Parallelism  of  ends 0.  i"  c 

Interior  diameter  (mean  dimension) :!-<'.  r-^' 

Exterior  diameter  (mean  dimension  for  shrinkage) ^o.  (mil 

Length  (mean  dimension) -J-0.(iijr> 

Appendix  B  contains  the  separate  measurements  of  dimensions  made 
at  this  time  and  in  all  the  subsequent  stages  of  the  experimeoL  All 
measurements  were  referred  to  a  36-inch  vernier  beam  caliper  reading 
to  0.001  of  an  inch,  manufactured  by  Darling,  Brown  &  Sharpe.  Before 
the  completion  of  the  work,  a  set  of  micrometer  rods,  which  can  readily 
be  read  t-o  0.0005  of  an  inch,  were  received  from  the  Frankford  Arsenal. 
They  were  found  to  be  reliable  and  labor-saving.  When  in  use  they 
were  set  by  the  standard  vernier  beam  scale  and  referred  to  it  from  time 
to  time  for  verification  of  the  measurements  taken. 

THE  SHBINKAaE  OPERATIONS. 

It  was  desired  to  beat  the  cylinders  for  the  shrinkage  iu  a  hot  air 
chamber,  where  they  would  be  wholly  protected  from  contact  with  flame 
and  surrounded  by  a  uniform  medium,  having  a  temperature  of  from  5lHJ^ 
to  600°  Fahrenheit,  in  which  each  cylinder  should  renmiu  submerji^ed 
until  it  had  attained  nearly  or  quite  the  temperature  of  it«  surroundin^js. 
A  hydro  pyrometer •  was  provided  to  measure  the  temperature  of  the 
chamber  from  time  to  time  so  that  the  degree  of  heat  might  be  controlled 
and  the  expansion  of  the  cylinders  due  to  a  given  heat  determined. 

The  nearest  approach,  however,  to  such  an  air-chamber  that  could  be 
devised  with  the  means  at  hand  consisted  in  the  use  of  a  reverberatory 
heating-furnace,  which  was  first  raised  to  a  proper  degree  of  heat  before 
the  cylinder  was  put  in,  then  closed  as  completely  as  possible  and  a  low 
fire  maintained.  For  handling,  an  iron  carriage  was  arranged  to  run  in 
and  out  of  the  furnace  upon  a  couple  of  iron  rails  laid  on  the  bottom  of 
the  latter  and  projecting  from  the  door.  The  cylinders  were  placed  on 
this  and  stood  in  the  middle  of  the  furnace  for  heating.  The  carriage 
could  be  readily  run  in  and  out,  and  the  expansion  of  the  c^Minder  was 
measured  from  time  to  time.  When  finally  taken  from  the  furnace,  two 
inferior  diameters  at  right  angles  were  carefully  measured,  and  also  the 
length.  The  bore  of  the  tube  waa  kept  filled  with  cold  running  water 
from  the  time  of  placing  a  heated  cylinder  until  the  whole  section  became 
comparatively  cool.  No  water  was  applied  to  the  heated  cyliuder  until 
it  had  closed  on  the  under  cylinder;  it  was  then  lightly  and  evenly 
sprinkled  (with  a  watering  pot)  until  its  temperature  became  sensibly 
equal  to  that  of  the  under  cylinder.  Water  was  then  copiously  applied 
with  a  hose  over  all  until  the  whole  was  cool. 

A  record  of  the  shrinkage  op<trations  is  given  in  the  following  tabu- 
lated statements : 

*A  description  of  this  pyrometer,  wt  tt«n  by  Lieut.  C.  8.  Smith,  United  States  Ord- 
nance Department,  will  be  fround  iu  the  Report  of  the  Chief  of  Ordnance,  Unii«4l 
States  Army,  for  1878,  pa^es  374-8.  It*  consists  essentially  of  a  copper  vessel,  conUin- 
ing,  when  in  use,  65  cubic  inches  of  wat«r,  an  immersed  thermometer,  and  a  oopp«r  piece 
of  5.012  ounces'  weight,  which,  after  being  heatedf  is  submerged  in  the  water,  and  the 
rise  of  temperature  of  the  latter  notedU 
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Table  III. — Shrinkage  operations, 
t<a)  Record  of  hydro-pyrometer  need  in  determining  temperature  of  furnace.] 
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Before  hoop  was  put  in. 
Blast  on,  before  hoop  was  put  in. 
Ver}'  lignt  blast,  whilst  hoop  waa 
in  furnace. 


[{h)  Record  of  measurements  of  heated  cylinders.] 
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(le) 'Strati  or  cao\inf.] 
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Tbe  cylinders  were  uuiformly  expanded  by  tbe  heating,  see  table  (ft); 
in  two  cases  tbe  Reparat«  interior  diameters  measared  are  equal,  and  ia 
the  tbird  the  difference  is  0.002  of  an  ipch.  Tbe  reapective  linear  «■ 
panfiiooB,  2.86,  2.82,  and  2.7  thousandths  per  linear  ODit,  are  also  uni- 
form. And  the  whole,  taken  in  connection  with  the  observed  tempera- 
tares  of  the  furnace,  shows  (hat  the  cylinders  were  not  sabjected  to  an 
excessive  heat. 

Considering  the  inconveniences  of  the  arrangements  nsed  as  cvni 
pared  with  what  might  be  perfected  iuapplying  the  principle  of  the  bot- 
air  chamber  these  results  furnish  conclusive  evidence  of  the  utility  of 
that  method  of  heating.  The  same  certainty  in  the  operations  caDoot 
be  maintained  in  any  mode  of  heating  where  the  flame  comes  in  codM 
with  the  metal.  We  may  obtain  satisfactory  results  in  practice  by  heat- 
ing  with  flame  and  removing  the  cylinder  as  soon  as  the  requisite  expan- 
Bion  is  obtained,  but  in  the  short  space  of  time  occupied  in  beatiug  t 
gun  hoop — for  an  average  hoop  not  exceeding  one-half  hour — the  met^ 
eannot  in  this  way  be  heated  uniformly  to  the  low  temperature  required. 

The  observed  temperatures  are  thoHe  of  the  farnace  only;  the  cjlio- 
ders  were  taken  out  as  soon  as  the  requisite  expausion  was  reached.  In 
tbe  case  of  the  B  hoop,  however,  the  observed  temperature  of  450°  F., 
taken  just  before  the  hoop  was  removed  from  the  furnace,  gives  verj 
nearly  the  maximum  temperature  of  the  metal,  for  the  hoop  was  nol 
appreciably  exjiauded  during  the  last  flve  minutes  in  the  furnace.  The 
temperature  of  the  outside  air  at  the  time  was  38°  F.,  so  that  the  rise 
of  temperature  in  the  metal  was  about  412°  F.  Its  linear  expansioo  bji 
the  measured  diameters  was  2.7  tbousandthn,  so  that  there  was  au  ei-l 
paasion  of  0.006J534  thousandths  |>er  linear  unit  for  each  degree  ofj 
heat,  or  of  1.39  rhousundths  for2120  F.  This  corresponds  closely  with' 
accepted  rules.  Passing  by  an  inverse  method  to  determine  theactuuli 
temperature  of  the  metal  of  tbe  two  remaining  cylinders  from  their  ob- 
served linear  eK|)ansions,  we  find: 

For  the jacketi 

A^  -+43°  (temi^rature  of  ontside  air)=480o  F. 
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For  the  A  hoop : 

^:>^v,,+45o  (temperature  of  outside  air)=  476©  F. 
.(IiMk>oo4 

Those  computed  results  are  recorded  in  the  table. 

Prom  this  it  may  be  concluded  that  a  temperature  of  500^  F.  is  suffi- 
cient for  ordinary*  shrinkages,  and  certainly  no  benefit  will  be  derived 
from  subjecting  the  metal  to  any  considerably  greater  degree  of  heat. 

The  recorded  length  expansions  of  the  cylinders  have  not  the  same 
value  as  those  measured  diametrically.  A  single  measurement  was 
made  for  each  cylinder,  using  shop  calipers,  the  reading  being  after- 
wards taken  from  the  vernier  scale,  but  the  results  are  of  practical 
value.  It  will  be  observed  (b)  that  the  length  expansion  at  full  heat 
was  quite  equal  to,  if  not  greater  than,  the  circumferential  extension  for 
linear  unit,  and  that  in  the  case  of  the  two  hoops,  where  length  meas- 
nrements  were  taken  at  about  the  time  when  the  heated  cylinder  closed 
on  the  one  beneath,  this  relative  length  extension  remained  greater 
than  the  circumferential;  since  the  latter,  represented  by  the  shrinkage 
values  for  the  two  hoops,  was  1.455  and  1.3612  thousandths,  respectively^ 
against  the  2.0  and  1.6  thousandths  for  the  length  extension.  When 
the  first  of  these  hoops,  after  being  shi  unk  upon  the  section,  became 
entirely  cold,  its  contraction  in  length  (see  Table  VI)  was  about  O.I 
thousandth,  and  that  of  the  second  or  outer  hoop  about  0.2  thousandths 
per  linear  unit.  There  was  then  a  decided  contraction  of  the  length, 
viz,  2.1  thousandths  per  linear  unit  for  the  A  hoop  and  1.8  thousandths 
for  the  B  hoop  between  the  period  of  clamping  the  under  cylinder  and 
the  final  state  of  rest.  This  shows  the  necessity  for  a  powerful  end 
pressure  upon  a  hoop  whilst  cooling,  as  is  believed  to  be  already  the 
general  practice  in  order  to  secure  close  joints.  It  is  probable  that  even 
tbia  end  pressure,  unless  it  were  powerful  enough  to  overcome  the  fric- 
tion due  to  the  shrinkage,  would  not  secure  close  joints  without  the  ad- 
ditional precaution  of  ^^  nipping'^  the  contact  end  of  the  hoop  by  an  ap- 
plication of  cold  water. 

The  jacket  cylinder  was  assembled  with  a  '^play"  of  0.034  of  an  inch 
over  the  exterior  of  the  tube.  It  cooled  and  contracted  very  slowly, 
and  there  was  an  interval  of  forty-four  minutes  before  it  closed  on  the 
tube.  Thirty  minutes  after  being  placed  it  was  still  loose  enough  to  be 
moved.  This  length  of  time  should  be  amply  sufficient  to  enable  the 
aasemhlage  of  the  gun  tube  aud  jacket  proper  by  the  screw  connection 
contemplated. 

It  appears  from  these  experiments  that  a  clearance  of  0.03  of  an  inch 
on  the  diameter  is  sufficient  to  allow  in  estimating  the  requisite  expan- 
sion for  assembling  the  parts  of  a  gun.  With  this  clearance  the  A 
hoop  was' eleven  minutes  in  contracting  to  the  size  of  the  under  cylin- 
der, and  with  a  slightly  greater  clearance  the  B  hoop  was  sixteen  min- 
Qtes  in  contracting.  This  modifies  but  slightly  the  rule  given  in  the 
iostrttctions  (Appendix  A),  which  limits  the  expansion  to  between  2.5 
and  3.5  thousandths  of  the  interior  diameter. 

The  assembled  gun-section  is  represented  in  Plate  IV.  The  scored 
and  numbered  diameters  were  used  for  determining  the  planes  in  which 
all  the  measurements  were  taken.  The  interior  measurements  of  the 
cylinder  in  place  were  made  in  the  grooves  or  incisions  represented  as 
eat  in  the  end  faces  of  the  under  cylinders.  These  measurements  were 
made  during  the  assemblage  and  dismantling  of  the  gun-section  in  the 
order  given  in  Appendix  B. 
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ton gitadin ally  frotu  the  exterior  on  one  side,  and  then  wedging  the  sides 
of  the  cut  apart  sufficiently  to  allow  the  hoop  to  slide  free  from  the  sec- 
tion.   The  tulie  and  jacket  pieces  before  being  separated  were  cut  into 
two  equal  lengths;  from  one  of  these  halves  the  jacket  piece  was  re- 
moved in  the  same  way  as  the  hoops,  and  from  the  other  the  tube  piece 
was  removed  by  cutting  through  loogitudinally  ou  opposite  ends  of  s 
diameter.    This  left  one-half  each  of  the  tube  and  jacket  cylinderecom- 
plete  for  a  determination  of  the  permanent  set  of  these  cylinders  when 
finally  free. 

The  following  is  a  record  of  certain  measurements  made  during  the 
dismantling.    The  theoretical  normal  pressure  given  is  the  computed 
pressures  (see  Appendix  C)  existing  at  the  interior  surface  of  the  cylin- 
der upon  the  commencement  of  the  cut  taken  for  its  removal.    In  the 
case  of  the  tube  the  pressure  was  acting  upon  the  exterior  surface. 

Table  rV.-Beoordofiheremointlo/eglmder*. 
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Tablb  IV. — Meeard  of  the  removal  of  oylinderB — Continned. 
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By  this  method  of  removal  it  was  expected  to  derive  iiiformatiou  re- 
garding the  stretch  of  the  fibers  in  the  *' remaining  thickness  of  metal," 
and  also  the  bursting  tension  of  this  metal,  which  might  afford  nsefnl 
information  by  comparison  with  the  results  of  the  free  tests  of  the  metal, 
bat  the  B  hoop  was  the  onlj  one  of  the  four  c^^llnders  which  broke 
naturally  during  the  cutting;  the  A  hoop  and  jacket  had  both  to  be 
finally  broken  by  wedging.    During  the  cutting,  when  the  metal  com- 
menced to  give  perceptibly,  the  sides  of  the  cut  assumed  a  peculiar 
concave  shape,  and  in  the  case  of  the  two  hoops,  where  the  interior 
pressure  was  considerable,  the  metal  under  the  cut  bulged  upwards 
when  there  was  yet  from  0.25  to  0.5  of  an  inch  of  thickneas  remaining. 
These  peculiarities  render  the  data  of  no  avail  for  the  purpose  contem- 
plated.   But  the  data  pertaining  to  increase  in  width  of  cutis  of  value 
in  diowing  the  point  of  ^^  first  observed  stretch,"  and  that  at  which  the 
remaining  metal  began  to  give  way  when  it  may  be  said  to  have  passed 
its  limit  of  cohesion.    The  hoops  were  cut  nearly  half  through  before 
any  stretch  was  apparent,  and  the  jacket  having  to  support  an  interior 
pressure  of  only  about  1.5  tons  per  square  inch  was  cut  three- fourths 
through  before  the  stretch  became  apparent.    In  the  case  of  the  tube 
sabjected  to  a  computed  exterior  pressure  of  1.5  tons  i>eT  square  inch, 
tlie  first  appreciable  compression  took  place  with  0.75  of  an  inch  of 
metal  left,  and  the  final  compression,  0.03  of  an  inch,  when  one  side  was 
cat  through  as  nearly  as  possible,  shows  that  the  cylinder  was  then  sufift- 
dently  compressed  to  be  entirely  relieved  from  the  contractile  effort  of 
the  jacket. 

The  area  of  fractured  metal,  0.45  square  inch,  in  the  case  of  the  B 
hoop  would  indicate  in  itself  a  bursting  tension  of  over  40,000  pounds, 
bat  the  fracture  was  assisted  by  the  abrasion  of  the  tool  and  especially 
by  the  upward  bulging  of  the  thin  stratum  of  metal. 

Figs.  2,  3,  and  4,  Plate  IV,  are  sketches  relating  to  the  form  of  cut, 
and  in  Fig.  4  is  represented  the  bulge  which  took  place  in  the  metal  under 
the  cat  From  the  actual  form  assumed  by  the  sides  of  the  cut  it  will 
be  seen  that  the  widening  could  not  be  wholly  attributed  to  the  stretch 
of  the  uncut  metal,  but  as  the  hoop  stretched  there  was  a  circumferen- 
tial sliding  of  the  fibers  about  the  middle  of  the  wall  over  those  beneath. 
The  carved  shape  of  the  sides  of  cut  can  be  explained  by  the  distribu- 
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tion  of  the  teusioD  io  the  wall  of  a  ojliDder  sabjected  to  an  intenor' 
preaaore,  this  tension  being  greater  at  the  middle  and  towards  the  inte- 
rior of  the  wall  than  at  the  exterior. 

PINAL  DIMENSIONS  OP  THE  CYLINDERS  WHEN  DIBMAHTLBD. 

The  fact  that  the  two  hoops,  althoagh  cat  open  on  one  side,  resamed 
an  essentially  circular  form  when  free  led  to  a  careful  tneasureroeot of 
their  interior  diameters  and  lengths  and  to  the  adoption  of  the  data  thm 
obtained  for  showing  their  final  dimensions  the  same  as  though  thrw 
cylinders  had  been  preserved  entire. 

A  aammary  of  these  measureuieDts,  in  connection  with  those  made  of 
the  complete  half  cylinders  of  jacket  and  tube,  is  given  in  the  following 
table,  with  the  conesponding  measurements  of  the  cylinders  in  their 
original  state,  for  comparison : 
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Becollectiug  that  the  two  boopa,  besides  being  cut  open  whilst  nnder 
strait),  were  also  forced  opea  b;  wedging)  their  final  eccentricitj',  cooi- 
calness,  and  permaneDt  set  appears  remarkably  small.  The  only  differ- 
ences from  original  dimensions  worthy  of  note  are  the  eccentricitf  of 
the  A  hoop,  now,  however,  a  total  of  only  0.0024  of  an  inch,  and  the 
permanent  set  of  mean  interior  of  B  hoop.  This  permanent  set  U  shoini 
by  the  recorded  meaeuremeuts  t«  be  uniform  for  the  whole  hoop,  from 
which  we  infer  that  it  was  due  to  the  natural  operation  of  the  hoopiog 
test  and  not  influenced  by  the  wedging,  which  would  have  abnormally 
increased  the  diameter  perpendicular  to  the  cut.  Taken  in  connectton 
with  the  results  of  previous  hooping  tests  (N'otes  on  the  GoQStmctioD  or 
Ordnance,  ^o.  25),  this  leads  to  the  conclusion  that  there  will  always  1>^i 
a  slight  permanent  set  in  the  outer  hoop  when  heat  is  ased  for  tbej 
shrinkage.  This  also  points  to  the  facts  disclosed  by  thew  tests  of  (l«-j 
tached  specimens  made  snbsequent  to  the  hooping  test,  viz,  that  tLe' 
elastic  and  ultimate  resistance  of  the  metal  to  tension  is  lowered  by  the; 
shrinkage  operatious.  | 

It  will  be  seen,  however,  that  the  A  hoop  and  jacket,  although  stretched ; 
by  shrinkage  whilst  hot,  as  was  the  B  hoop,  have  now  no  permaneuti 
extension,  showing  that  the  compression  to  which  they  were  suUse- 

3aently  anbjected  corrected  whatever  permanent  set  may  have  befen  in- 
need  when  they  were  first  assembled.  Referring  again  to  the  tests 
made  after  the  hooping  test  we  find  confirmation  of  the  opinion  that 
whilst  the  original  shrinkage  of  a  cylinder  upon  the  outside  of  a  system 
may  injnre  the  tensile  (jualities  of  the  metal,  this  will  not  prevent  a  sab- 
seqaent  elevation  of  its  property  to  resist  an  opposite  strain  when  tbe 
same  hoop  is  subsequently  enveloped  by  others  shrunk  upon  it,  and  Id 
fact  that  a  certain  elevation  of  its  qualities  to  resist  compression  is 
brought  about  under  tbe  circumstances. 

The  half  lengths  of  tube  and  jacket  show  a  marked  and  uniform  codj- 
caloess  or  contraction  towards^  the  cut  taken  in  dividing  these  cylinders 
whilst  they  were  still  shrunk  together.  The  two  halves  which  were 
preserved  entire  for  final  measurement  are  shown  in  position.  Fig.  5, 
Plate  lY.  The  tube  on  the  diameter  (a)  away  from  the  cross-cut  has  an 
outward  set  amounting  to  O.OOOT  of  an  inch,  whilst  on  [b),  near  the  place  i 
of  the  cut,  the  permanent  contraction  was  0,003  of  an  inch.  The  final ! 
measurements  for  the  jacket  show  the  same  form,  at  the  onter  end  a  I 
permanent  extension  equal  to  0.1)01  of  an  inch,  aud  near  the  cut  a  per  I 
manent  contraction  equal  to  0.0012  of  an  inch.  Inasmuch  as  this  foiu  ' 
was  not  present  before  the  cross-cut  was  made  it  must  be  due  to  that  i 
operation.  It  may  in  part  have  been  caused  by  the  inward  pressure  of ' 
the  catting- tool,'  but  is  more  probably  due  to  the  release  of  the  meUl  | 
near  the  cut  from  the  state  of  tension  existing  at  the  time.  Whiist 
shrunk  together  the  momentary  contraction  in  length  of  th*e  jacket  vas 
0.053  thousandths  per  linear  unit,  aud  the  tul>e  was  extended  0.127 
thousandths  per  linear  unit,  so  that  there  existed  a  longitudinal  a-swdl 
as  a  circumferential  state  of  tension.  Other  than  the  interest  attached 
to  this  peculiar  aud  somewhat  inexplicable  behavior,  the  division  of  tlie 
cylinders  whilst  still  combined  is  to  be  regretted,  since  it  throws  donbt  ■ 
upon  the  final  state  of  both  as  affected  by  natural  causes  due  te  tbe  . 
hooping  test  alone.  Howe\'er,  the  inference  is  fair  that  if  either  of  tLem 
had  been  preserved  entire  (in  length)  there  would  have  been  showua 
very  slight,  if  any,  permanent  set.     If  the  whole  length  of  jacket  liad 

*  The  oiit  was  made  nith  a  tuol  abont  0.6'£  of  an  iuch  wide,  flrat  from  tbe  eibrior 
QDtil  about  I  inch  thickoeas  of  metal  woB  left,  tbeu  from  the  tntrnrior  outwards  to 
meet  the  cut  made  from  tbe  ootgide. 
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been  removed  from  the  tobe  by  a  longitodiual  cut,  as  in  the  case  of  the 
hoops,  fairly  accurate  data  would  have  been  obtained  in  regard  to  the 
effect  of  the  hooping  test  upon  it,  whilst  the  tube,  which  on  the  whole 
may  be  considered  the  most  important  of  the  four  cylinders,  would  have 
been  left  in  perfect  condition  for  determining  the  effect  of  the  hooping 
test 

SUDCHiLRT  OF  THE  RESULTS. 

The  table  which  follows  embodies,  in  the  first  part,  the  mean  dimen- 
sions of  the  separate  cylinders  for  all  changes  of  state  (except  the  heated 
state)  incident  to  the  hooping  test,  and  in  the  second  part,  the  linear 
and  proportional  differences  corresponding  to  those  mean  dimensions 
expressed  in  relative  and  absolute  values.  The  separate  single  meas- 
arements  from  which  these  means  are  derived  are  given  in  full  in  Ap- 
pendix B. 
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We  observe,  firsts  that  the  maximam  changes  per  unit  of  length  to 
which  the  fibers  of  the  metals  were  subjected  stand  as  follows :  Tangen- 
tial compression  of  interior  fibers  of  tube  and  jacket,  respectively,  1.358 
and  0.2928  thousandths ;  tangential  extension  of  interior  fibers  of  A  and 
B  hoops,  respectively,  1.0956  and  1.1407  thousandths,  or  the  momentary 
displacements  of  these  fibers  were,  respectively,  100,  20,  63,  and  65  per 
cent,  of  the  displacements  assumed  as  safe  under  the  tests  of  detached 
specimens  of  the  metals  made  before  the  hooping  test. 

The  line  of  permanent  set  at  the  bottom  of  the  table  gives  the  sum- 
mation of  the  results  of  the  hooping  test  in  relation  to  the  elastic  exten- 
sibility and  compressibility  of  the  cylinders  under  the  displacements 
named,  but  in  interpreting  these  results  we  must  consider  the  various 
disturbing  'causes  which  have  been  mentioned.     By  giving  what  is 
considered  a  proper  weight  to  these  causes,  the  conclusion  is  reached 
that  the  three  inner  cylinders  preserved  their  elastic  properties  intact, 
while  the  outer  cylinder  or  B  hoop  received  a  slight  permanent  set. 
Practically,  then,  in  so  far  as  this  test  alone  is  to  be  judged,  the  cyl- 
inders of  metal  have  shown  an  elastic  displacement  exactly*  commen- 
surate with  that  determined  by  the  free  tests  of  the  original  metal.   This 
conclusion  is  independent  of  the  effect  of  the  hooping  test  upon  the  phys- 
ical qualities  of  the  metals,  as  shown  by  the  comparison  of  tests  of  de- 
tached specimens  made  before  and  after  the  hooping  test,  and  elsewhere 
referred  to.    Considering  alone  the  action  of  the  cylinders,  as  such,  the 
hooping  test  has  shown  that  the  cylinders  possessed  a  most  satisfactory 
nniformity  of  elastic  strength.    Its  results  would  also  indicate  the  pro- 
priety of  using  the  values  determined  by  the  preliminary  free  tests  of 
the  metals  to  represent  their  standard  physical  properties  without  modi- 
fication. The  tests  of  metal  made  after  the  hooping  show,  however,  that  as 
regards  the  two  hoops  in  this  construction,  a  reduction  of  about  10  per 
cent,  in  the  values  so  determined  is  advisable.    None  is  needed  for  the 
tube  metal,  for  that  was  strengthened  by  the  hooping,  and  the  essential 
qualities  of  the  jacket  metal  were  also  rather  improved  than  otherwise. 
Through  the  intermediate  changes  of  state  the  several  cylinders  re- 
sponded evenly  and  uniformly  to  the  successive  pressures  and  reliefs 
from  pressures  to  which  they  were  subjected.    The  tube,  which  was  the 
only  one  of  the  four  cylinders  not  heated,  but  which,  on  the  other  hand, 
was  the  only  one  subjected  to  a  displacement  (in  the  section  when  as- 
sembled) equal  to  the  limit  assumed  as  safe  for  the  metal,  shows  an  ex- 
ceptional uniformity  in  these  intermediate  changes.    After  the  A  hoop 
was  removed,  the  mean  diameter  of  the  bore  reverted  to  the  precise 
value  it  had  before  the  assemblage  of  this  hoop.    Meantime  this  dimen* 
sion  or  the  bore  of  tube  had  undergone  four  changes  of  form.    The 
measnrementa  of  the  interior  of  tube  deserve  special  consideration,  be- 
cause the  series  is  intact  from  the  commencement  of  the  experiment  up 
to  the  division  of  the  combined  tube  and  jacket  at  the  final  stage.    More- 
over, it  is  the  only  series  of  the  whole  which,  up  to  the  period  named, 
can  be  considered  absolutely  free  from  the  disturbing  causes  introduced 
by  the  devices  used  throughout  the  experiments  for  taking  the  neces- 
sary measurements  of  diameters. 

The  data  of  the  preceding  table  relating  to  changes  in  the  lengths  of 
the  cylinders  cannot  be  taken  throughout  with  the  same  confidence  as 
that  relating  to  the  diameters,  for  the  reason  that  the  measurements 
were  difficult  to  make  and  because  the  lengths  measured  were  relatively 
short.  But  there  is  no  exception  showu  to  the  following,  viz:  A  cyl- 
inder subjected  to  a  pressure  acting  only  upon  its  exterior  cylindrical 
sar&ce  will  be  elongate<l,  and,  conversely^  a  cylinder  subjected  to  a 
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pressure  acting  only  npon  its  interior  cylindrical  snrface  will  be  contracted 
in  length.  This  proves  the  import  of  the  two  rules  to  the  same  effect 
given  by  Virgile(page  16,  Notes  on  the  Construction  of  Ordnance,  So.  9). 

In  making  a  comparison  of  the  relative  changes  in  the  direction  of  th^^ 
radii  and  of  the  lengths,  we  have,  for  the  case  of  an  interior  prei^are, 
the  data  relating  to  the  compression  of  the  bore  of  tube  in  three  different 
stages;  and  for  the  case  of  an  interior  pressure  that  relating  to  each  of 
the  three  outer  cylinders  when  first  assembled. 

The  separate  cases  are  summarized  in  the  following — 

Tablb  yil.-^CampariBon  of  relative  dutngea  of  dimemnon§  in  the  direeUou  of  the  rmda  emi 

of  the  lingtha, 

[a.  Pr^Mure  on  exterior  ojlindrioal  snrfiMe  alone.] 


Jaclcet  «p-   I  A  boop  ap-  >    B  hoop  ap- 


plied. 


piled. 


I 


plied. 


If  eaanremenU  of  cylinders. 


/      — 


ThonMndths 
!    per  linear 
unit 


^    I — 


Tangential  compression  of  bore  of  tnbe 
I  One-third  compression  of  bore  of  tnbe . . 

'  Extension  in  lenatb  near  bore* 

I  Mean  extension  in  length 


Thooiiapdths  ThonaaDdtbs , 

per  linear        per  linear 

unit.  unit. 


0.879 
0.1263 
0.12G6  I 
0.1393  I 


a  8843 
0.2948 
0.4433 
0.4052 


[Pressure  on  interior  cylindrical  snrface  alone.] 


1.85B 
&4527 
0.5192 
0.4812 


Tangential  extension  of  exterior  of  Jacket. . 
One-third  extension  of  exterior  of  Jacket — 

Contraction  in  len^h  near  exterior* 

Mean  contraction  m  length 

Tangential  extension  ofexterior  of  A  hoop. 
One-third  extension  of  exterior  of  A  boop  . . 

Contraction  in  length  near  exterior* 

Mean  contraction  in  length 

Tangential  extension  of  exterior  of  B  hoop . . 
One-third  extension  ofexterior  of  B  hoop. .. 

Contraction  in  length  near  exterior* 

Mean  contraction  in  length 


0.1221 
0.0407 
0.0018 
0.0026 


0.9468 
0.8197 
a  1867 
0.0988 


0.87S3 
0.2921 
0.1888 
0.1868 


*Befers  to  measurements  of  the  length  made  on  the  circumference  of  a  drde  0.25  of  an  ijioh  tnm  la- 
ierior  (or  exterior).    See  record  of  measurements,  Appendix  B. 

The  theoretical  rule  that  the  length  extension  of  thd  tube  under  its 
exterior  pressure  should  equal  one- third  of  the  tangential  eompression  of 
the  bore  is  practically  fulfilled,  only  that  under  the  application  of  the 
A  and  B  hoops  the  actual  length  extension  was  somewhat  greater  than 
the  one-third  value.  The  result  shows  that  in  estimating  the  probable 
length  extension  of  the  tube  of  a  compound  cylinder  a  value  of  not  lea& 
than  one-third  the  tangential  compression  of  the  bore  should  be  taken. 

By  the  theory  the  relative  length  contraction  of  each  of  the  three  oiit«r 
cylinders  when  assembled  should  have  been  equal  to  one-third  the  tan- 
gential  extension  of  their  exterior  surface,  but  we  find  it  to  have  been 
much  less  than  this.  The  results  are  too  discordant  to  warrant  definite 
conclusions  from  this  experiment  excei>t  to  show  that  there  was  an 
actual  contraction  which,  even  in  the  B  lioop,  where  it  is  relatively  the 
greatest,  did  not  exceed  one-fourth  the  relative  extension  of  the  exterior 
circumference  of  the  cylinder. 

Two  cylinders  being  once  shrunk  together,  these  experiments  go  to 
prove  that  the  two  surfaces  in  contact  will  move  together  in  subseqaeut 
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?loDgattoD8  produced  by  the  shrinkage  of  exterior  cylinders.  Upon  the 
Msemblage  of  the  A  hoop  the  exterior  portion  of  the  tube  was  elongated 
10016  of  an  inch,  and  the  interior  portion  of  the  jacket  0.0017  of  an  inch^ 
he  Hobsequent  assemblage  of  the  B  hoop  increased  the  above  eqnally 
)y  0.0008  of  an  inch  and  produced  at  the  contact  surface  of  A  hoop  on 
acket  an  iucrease  of  0.000 S  of  an  inch  in  the  length  of  the  outer  portion 
)f  the  jacket,  and  of  0.0006  of  an  inch  in  the  length  of  the  inner  portion 
)f  the  A  hoop.  The  two  surfaces  became  one  in  effect  from  the  friction 
t>etween  them ;  and  when  the  state  of  things  is  reversed — that  is,  when 
the  gan  is  fired  and  the  exterior  pressures  here  considered  become  in- 
terior pressures — we  may  expect  t^e  outer  cylinders  to  assist  materially 
in  preventing  longitudinal  rupture  of  the  inner  ones  if  the  covering  is 
continaons  without  joints.* 

THEORY  AND  PRAOTIOE  COMPARED. 


The  method  given,  pp.  14-16,  Notes  on  the  Construction  of  Ordnance 
So.  31,  has  been  applied  in  the  present  case,  using  the  actual  values  of 
the  shrinkages  employed  to  make  a  complete  analysis  and  comparison 
of  the  theoretical  values  for  the  changes  of  dimensions  with  the  actual 
values  given  by  the  measurements  taken  in  these  experiments. 

The  comparison  is  arranged  in  the  following  table.  The  values  (ab- 
solute and  relative)  given  in  the  central  columns  {b)  are  taken  from  the 
summary  table  of  results  which  precedes;  those  of  the  antecedent  col- 
Qmus  {a)  have  been  computed  by  the  method  of  Note  31  (see  Appendix 
C).  The  values  given  in  the  third  pair  of  columns  (o)  are  also  theo- 
retical, and  have  been  computed  by  a  method  similar  to  the  preceding^ 
eioept  that  the  factor 


5  = 


which  is  introduced  by  Glavarino  to  represent  the  longitudinal  stress 
supposed  to  exist  in  the  elementary  cylinders,  has  been  omitted  from 
all  the  formulas  of  application. 

Tablb  VIII. — Comparison  of  actual  (measured)  ohangee  of  dimeneions  with  theoretioat. 


StafM  of  oonstmotion-meaBiirainentfl. 


F1B6T  STAOK— ASSBXBLAOB  OF  JACKXT. 

Mtamrtmmtg  qf  diameUrt. 

Bore  of  tnb« 

Kxtoriur  of  tube 

loteiioT  of  jacket 

Sxterior  ox  Jacket 

MeuiurmnsnU  of  length. 

Tube 

Jacket  


bchea. 


Theoret- 
ical, 
(a) 


-0. 0036 
-0. 0030 
+0.0037 
+0. 0027 


-0.0006 
+0.0002 


AotuaL 


-0. 0036 
—0. 0021 
+0.0046 
+0.0027 


+0.0011 
-0.0002 


Theoret- 
ical. 


-0. 0036 
-0.0034 
■f  0. 0033 
+0. 0027 


+0. 0010 
—0.0003 


Thoasandtiia  per  linear  unit. 


Theoret- 
ical 
(a) 


—0.879 
-0.2152 
+0. 2634 
+0. 1211 


-0. 0757 
+0. 0242 


Actual. 


Theoret- 
ical. 


~0. 379 
-0. 1499 
+0. 3286 
+0.1221 


-0.376 
-0.24066 
+0. 2379 
+0.1202 


+0. 1393  !  +0. 1253 
-0.00265   -0.0400 


*  The  utility  of  polishing  the  surfaces  of  contact  is  doubtful ;  the  longitudinal  fric- 
tion is  an  important  factor,  and  if  the  shrinkage  surfaces  are  tool-finished,  straight, 
aod  true,  with  a  sufficiently  smooth  surface  to  adaiit  of  the  necessary  accuracy  of 
meworement,  it  would  appear  that  any  further  finish  is  at  the  least  unnecessary. 
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Table  VIII. — Comjpariian  of  actual  {measured)  changes  ofdimemsians — Contioned. 


StftKOA  of  constmction-meMnreinenta. 


Inches. 


Theoret- 
ical. 
(a) 


▲ctOAl. 

(b) 


Thoiuandths  per  linear  luxtt. 


8XCOHIV9TAQB— AflSBMBLAGX  OF  A  HOOP. 

\Mea9ur0mentt  qf  diameteri, 

Boreoftabe 1  -0.0066 

Exterior  of  tube »|  -0.0073 

luterior  of  jacket I  —0.0005 

Exterior  of  jacket 1  —0.0013 

Interior  of  A  hoop ,  +0.0280 

Exterior  of  A  hoop 1  +0.0250 

Meaiurementt  qf  length.  ' 

Tabe '  -0.0014 

Jacket —0.0006 

Ahoop +0.0014 


THIRD  <FIlf  AL)  8TA0E— AB8EMBLA0K  OF  B 

HOOP. 


-0.0084 
^0.0075 
-0.0008 
—0. 0014 
+0.0270 
+0.0250 


+0.0032 
+0. 0014 
-0.0007 


Theoret- 
ical. 


Theoret- 

icaL 

(«) 


Mecuwementt  0/  diamtUn. 


Bore  of  tube 

Exterior  of  tube 

Interior  of  Jacket 

Exterior  of  jacket 

Interior  of  A  hoop 

Exteriofof  Ahoop 

Interior  of  B  hoop 

Exterior  of  B  hoop 

MtaturemenU  qf  UngO^. 

Tube 

Jacket 

A  hoop 

Bhoop 


-0.0086 
-0. 0081 
-0. 0014 
-0. 0025 
+0. 0268 
+0.0250 


+0.0024 
+0.0010 
-0.0024 


ActnaL 


Tbeoret- 

leal. 


-a  911 

-0. 6177 

—a  0300 

-0.0612 

+1.2725 

+0.9472  r  +0.94585'  +0.947U 


-a884S      -^9M 
—0.  5354      -0. 97# 
-0.0571  '  —0.10035 
—a  0639      -0.1106 
+1.2888  ;  +1.2179 


-a  1822 
-0.0763 
+0.1895 


+0.4062 
+a  18535. 
-A  09834 


+o.3eu 

+0.127I 
—0.3157 


-0. 0132 
-0. 0111 
—0.0044 
-0.0040 
+0.0244 
+0.0213 
+0.0321 
+0.0285 


—0.0022 
-0. 0013 
+0.0007 
+0. 0014 


—0.0129  i 
-0.0108  , 
-0.0041 
-0.0052 
+0.0241 
+0. 0192 
+0.0300 
+0. 0276 


+0.0038 
+0.0022 
-0.0001 
—0.0014 


—0. 0131 
-0. 0124 
-0. 0057 
-0.0072 
+0. 0221 
+0. 0199 
+0.0307 
+0.0285 


— L390 
-0.7899 
—0. 3112 
—0. 2252 
+1.1083 
+0.8050 
+1.2190 
+0.90(6 


+a0036  ,  -0.278 
+0. 0021     -0. 1667 


-0. 0012 
-0.0023 


+0.0981 
+0.18092 


-L358 

—a  7710 

-0.2028 

-Q.2S61 

+1.0O56 

+0.7291 

+L14a7 

+0.«7fl2 


-1.37fl 

-0.88301 

-0.4045 


+  1.0051 
+0.7MS 
+L166I 
+0.90M 


+0.4812      +0.4597 
+0.2912  •  +a578a 
-0.0133  :  —0.1634 
-0.1888      -0.30U 


NOTK.— The  theoretical  relative  Talnes  for  radial  changes  are  computed  from  the  prescribed  diame- 
ters, via :  Do  =»  9"  .5 ;  Di  =  14"  .0 ;  Dt  =  22"  .0 ;  D.  =  W*  .3 ;  D4  =  31"  .5.  in  connection  with  the  fol- 
lowing actual  shrinkage  values  employed  in  the  construction,  via : 

Jacket,  absolute,  0.0067  of  an  inch ;  relative,  0.4786  thousandth  per  linear  inch. 

A  hoop,  absolute,  0.032  of  an  inch ;  relative,  1.4547  thousandths  per  linear  inch. 

B  hoop,  absolute,  0. 0368  of  an  inch ;  relative,  1.3612  thousandths  per  linear  inch. 

The  coincidence  of  all  these  results  as  regards  radial  changes  of  dimen- 
sions which  directly  concern  the  tangential  resistance  is  remarkable  and 
sufficient  to  establish  confidence  in  the  practical  reliability  of  the  for- 
mulas used  for  computing  the  shrinkages  and  the  tangential  resistance 
of  a  gun.*  The  most  weight  should  be  attached  to  the  comparisons  at 
<'  bore  of  tube,"  and  at  the  exterior  of  each  cylinder  as  assembled,  be- 
cause the  actual  measurements  taken  at  those  surfaces  are  complete  for 
the  whole  length  of  cylinder,  whilst  the  remaining  diametrical  measure- 
ments were  taken  only  within  the  ends  of  the  cylinders  and  may  be 
slightly  affected  by  causes  which  have  been  mentioned.  The  theoreti 
cal  values  for  compression  of  the  bore  of  tube  are  the  same  as  the  actaal 
in  the  "first  stage,"  but  gain  slightly  on  the  latter  towards  the  final  stage, 
which  may  be  taken  as  indicative  of  the  increasing  resistance  of  the 
tube  metal  to  compression.  (Comparison  of  tests  of  detached  speci- 
mens of  the  metal  made  before  and  after  the  hooping  test,  Table  I.)  On 
the  other  hand,  the  comparisons  at  the  outside  su^aces  named  do  not 

*  By  this  is  meant  the  limiting  interior  pressure  to  which  a  gon  shonld,  for  safetj, 
be  sabjeoted  when  first  fired.  It  is  believed  that  a  gun  made  of  steel  may  be  strengtb- 
ened  by  the  firing,  if  it  is  not  too  severely  strained  at  first.  Witness  the  inereaaed 
capacity  to  peiform  work  induced  even  by  the  excessive,  sadden  strain  to  which  tht 
three  specimens  of  the  B  hoop  metal  were  subjected.    (Table  I.) 
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ndicate  tbe  weakeiiiugof  the  elastic  properties  of  the  metal  of  these  cyl- 
nders,  which  the  after  tests  of  the  metal  prove  to  have  bv*eii  brought 
iN>nt  by  tbe  8hriiikap:e  operations,  aiul  this  in  itself  is  satisfactory  as 
ktractiiij?  from  the  apparent  seriousness  of  that  weakening. 
Ciuisitleriiig  the  changes  in  lengths  ah)ne  the  comparisons  show  badly 
or  the  values  deduced  by  Clavarino's  theorfes,  without  modification, 
ihirh  give  in  every  case  a  contrary  sign  from  the  actual ;  that  is,  they 
lulicate  a  contraction  where  there  was  an  actual  extension  and  an  ex- 
tiision  where  there  was  an  actual  contraction.  But  for  the  remaining 
,ct  of  theoretical  values,  columns  (c)  determined  from  his  theories  as 
iimlitiiMl  by  neglecting  the  longitudinal  stress,  tlie  comparisons  with  the 
u'tual  changes  of  length  show  probably  as  exact  a  coincidence  as  could 
M*  expected  troni  the  accuracy  of  the  experiments.  This,  however,  does 
h)t  detract  from  the  practical  utility  of  Clavarino's  formulas  as  given 
Notes  on  the  Construction  of  Ordnance,  Nos.  6  and  7)  for  computing 
ho  shrinkages  and  tangential  resistance  of  a  gun.  The  omission  of  the 
factor  em biKl.xing  the  longitudinal  stress  has  but  littl.e  effect  upon  the 
liametrical  changes  of  dimensions.* 

SHRINKAGES  FOR  THE  CONSTRUCTION   OF  THE  GUN. 

\j\mu  this  subject,  in  conclusion,  the  results  of  these  experiments  may 
Im'  considered  to  have  supplied  the  necessary  data.  It  has  been  shown, 
tirst,  that  the  preliminary  free  tests  of  the  metals  determine  suitable 
values  for  the  physical  constants  to  be  used  in  the  computations;  and, 
seeoud,  couiointly  with  the  above,  that  the  formulas  applied  can  be  re- 
lied ufK>u  to  indicate  with  accuracy  the  results  which  will  be  obtained 
iu  practice.  These  facts,  in  c  mnection  with  the  result^i  obtained 
Iroin  tests  of  detached  specimens  of  the  metal  subsequent  to  the  hoop- 
iiijr  tests,  which  are,  in  brief,  that  the  operations  of  the  shrinkage  tend 
to  increase  the  effective  resistance  of  the  tube,  and,  probably,  also  that 
i»f  the  jacket,  but  to  decrease  that  of  the  two  hoops,  place  the  question 
of  the  shrinkages  in  a  clear  way  to  be  decided  upon  theoretical  consid- 
erations, based  upon  the  results  of  the  preliminary  free  tests  of  the 
metals  used  in  the  construction  (ff'the  gun.  The  limitations  will  be,  to 
re.hice  the  m  ixiraum  tangential  tension,  or  the  values  of  ^,  for  the  hoops 
almut  10  per  cent.,  and,  in  addition,  to  make  the  shrinkages,  esi>ecialiy 
lor  the  outside  row  of  hoops,  as  light  as  may  be  found  consistent  with  a 
retention  of  the  maximum  resistance  demanded  for  the  service  of  the 
^'uu-  It  js  recommended  to  favor  the  outer  shrinkage  where  practicalde, 
l)ecause  the  outside  cylinder  forms  the  exterior  supjmrt  of  the  structure, 
ami,  other  things  being  equal,  the  shrinkag'-  operations  should  produce 
less  degradation  of  the  physical  properties  of  the  metal  of  this  cylinder  in 
jjruportion  as  reductions  are  made  in  the  degree  of  heat  required  for  its 
asi^mblage  and  the  amount  of  constraint  brought  to  bear  upon  it  whilst 
it  is  cooling. 

R.  BIRNIE,  Jr., 
Lieutenant  of  Ordnance, 

'  Virgile  ueglectM  this  factor  in  conipiitiDg  th»  tangential  resistance,  and  has  also 
A^ed  to  neglect  it  in  conipnting  the  shrinkages.  (Pago  24,  Notes  ou  the  Construe- 
lion  of  Onlnance,  No.  10.)  The  form  under  which  Clavarino  introduces  it  seems  dii- 
''nl:  to  defend,  except,  apparently,  as  an  expedient  to  einhody  approximntely  the  value 
of  the  lonsitudiual  stress  which  is  especiallif  developed  in  tlie  act  of  firing  the  gan. 
Otber  failing  cases  besides  those  in  regard  to  changes  of  length,  as  given  above,  wiU 
befoaud  in  applying  Clavarino's  formulas  to  special  cases,  becansoof  his  introduction 
of  this  factor  embodying  the  longitudinal  stress. 

4625  OED 17 
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Appendix  A. 

eBVTERA L  IKSTRU0TI0S8  FOR  A88EMBLIKQ  AND  DISUAHTLIKQ  AK  EXPERIMSyTll 
COMPOUND  CTLINDER-^^INCH  B.  L.  STEEL  RIFLE  (DOUBLE  HOOPED, 


A  compound  cylinder,  representing  n  complete  section  of  the  gun  over  the  porc-r 
chamher,  not  less  than  7.5  inches  in  length,  will  be  assembled  and  snbseqaeTttk  <liw 
mantled. 

The  puqiose  of  the  experiments  is  to  test  the  qualities  of  the  metal  of  the  se\tr.: 
cylinders  composing  the  bnilt-up  section  of  the  gnu  and  to  determice  whether  th- 
prescribed  shrinkages  herewith,  which  have  been  theoretically  deduced  by  theapf  |. 
cation  of  Clavariuo's  formnla)*,  shall  be  applied  in  the  after  construction  of  the  gu 
or  to  what  extent  they  should  be  moditiea  fur  that  conntructiou. 

Observations  will  be  made  to  include — 

(1)  All  changes  of  radial  dimensions  (interior  and  exterior)^  as  compared  with  the  origita[ 
for  each  of  the  simple  cylinders  employed. 

(2)  All  changes  of  longitudinal  dimtnsions  for  the  same  cylinders. 

The  results  of  the  measurements  made  for  determining  thene  changes  of  dimeomHi 
will  be  recorded  in  relative  and  in  absolute  values;  that  is,  in  terms  of  the  cban^et 
per  linear  inch  and  in  terms  of  the  a^Holute  changes  from  total  original  dimeosioni 

The  cylinders  will  be  heated  to  produce  the  expansion  necessary  for  their  aisseu- 
blagp,  and,  if  practicable,  the  maximum  temperature  which  each  attains  will  be  a<M 
tained  by  a  pyrometer.  The  measurements  for  exact  dimensions  of  the  cyliD<te^  * 
th^ir  heated  state  will  be  made  with  all  potislb'e  accuracy  to  iuclnde  two  int(r.<f 
diameters  at  rit2:ht  angles  to  each  other  and  at  least  one  measurement  of  the  leniri: 

The  tR<«riW  diameters  of  all  the  cylinders  and  the  exterior  diameter  of  the  oitterr.;. 
inder  will  be  finishe<l  at  the  outset  and  the  ends  faced  to  form  planes  perpeodicalir 
to  the  axis  of  the  bore. 

The  exterior  diameter  of  the  inner  cylinder  will  next  be  turned  to  finished  size  lo: 
the  assemblage.  The  exterior  diameters  of  the  second  or  jacket  cylinder  and  o(\\t 
inner  hoop  will  bt*  left  0.08  of  an  inch  surplus  over  the  diameter  corresponding  totbe 
shrinkage  prescribed,  and  after  being  assembled  the  change  of  this  diameter  will  \i 
measured  before  the  exterior  is  turned  for  the  shrinkage  fit. 

Designate  the  four  cylinders,  counting  from  the  interior,  as  the  tube,  jacket,  Aboop, 
and  B  noop,  lespectively. 

The  values  of  the  shriTikages  to  be  applied  are  as  follows: 


Table  I. 


Jacket. 


Shrinkages. 


;    ^^ 

•a 
f  SI 

SI 
.a 


Theoretical  (mean  valaea) 

Pr.«>riV»d  limit.  {SfnllTm.;: 


0.45633 

0.530 

0.386 


A.  hoop. 


Bboop. 


Pi 


2J  .i* 

«Q  a 

\ 

^    ^S 

•a  3 

«^  a 

•o 

^  h 

S  6> 

tt 

c 

• 

9i 

■g 

a 

35 

.5 

0.0065 

1.378 

0.0303 

1.8734 

<.036l 

0. 0075 

1.422 

0.0813 

1.411 

0.0371 

0.0069 

1.332 

0.0293 

1.335 

0.03&1 

1 

The  limiting  values  here  given  are  based  upon  an  allowed  variation  of  O.O02  of  an 
inch  in  the  abs(»lute  valuer  of  the  shrinkages;  that  is,  in  the  difference  betwi?en  the 
several  interior  diameters  first  finished  and  measured  and  the  corresponding  exterior 
diameters  upon  which  the^'  are  to  be  assembled. 


DIMENSIONS  OF  THK  CYUNDBR8. 


In  preparing  the  several  cylinders  for  assemblage  the  finished  dimensions  will  be 
as  follows : 


*  See  "Notes  on  the  Construction  of  Ordnance,''  Nos.  6  and  7 }  also.  No.  31. 
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Tablb  II. 


MeMmrements. 

Tube. 

Interior  diameter.  ... 

Exterior  diameter i 

Leogth 1 

Incheit. 
B.5 

7.'8 

Jacket.     A  hoop 


tnehu.   ' 
14.0 
22.11*  , 
7.55    : 


Inehet. 
22.0 
28.42* 
7.5 


B  hoop. 


Inehet. 
26.3 
31.5 
7.6 


*  AboQt  0.0C  of  an  inch  eurplns  belns  Uft  over  mean  diameter  prescribed  for  the  shrinkage  in  order 
lo  dftermine  extension  of  exterior,  and  also  to  leave  anffloieut  metal  for  the  tlnisb. 

The  allowed  variation  on  these  diameters  will  be  ±  O.O^i  of  an  iuoh,  and  on  the 
liU);ths  ^.  0.01  of  an  inch. 

Before  the  snccessive  assemblage  of  the  part>8-the  exterior  dlamt-ters  of  the  three 
inner  cylinders  must  be  turned  to  the  following  dimensions,  with  the  allowed  varia^ 
tion  of  4-  0.000  inch  and  —  0.002  inch,  viz: 

Ksterior  of  tnbe,  0".0075  -|-  14'  .0  corrected  for  error  made  in  boring  jacket. 
Exterior  of  jacket  (assembled),  0''.0313  +  22". 0  corrected  for  error  made  in  boring 
.V  hoop. 

Exterior  of  A  hoop  (assembled),  0".U371  -f-  26' '.3  corrected  for  error  made  in  boring 
R  hoop. 

The  following  variations  in  measurements  will  be  allowe<l  in  respect  to  parallelista 
•if  the  ends  and  eccentricity  and  conicalness  of  the  curved  surfaces  of  the  cylinders:  t 

Inches. 
For  parallelism 0.0035 

For  f ccentricity 0.003 

For  ctmicainess 0. 002 

!n  dismantling  tiie  si^ction  the  B  hoop  will  first  be  cut  longitudinally  from  the  ex- 
r^TJor  until  separation  takes  place.  The  area  of  fractured  metal,  and  also  the  amonnt 
h\  which  the  two  edges  of  th»i  cut  separate,  will  be  noted.  The  A  hoop  will  ba  re- 
moved in  a  similar  manner.  Before  separating  the  jacket  and  tube  the  two  cylin- 
ders together  will  be  cut  into  two  equal  lengths,  from  one  of  which  the  jacket 
piece  vrill  be  cut  off,  as  in  the  case  of  the  hoops,  and  from  the  other  the  tube-piece  will 
W  cut  oot,  and  the  same  observations  in  respect  to  fractured  surface  and  cut  will  be 
maile.  The  complete  half  cylinders  of  Jacket  and  tube  will  be  measured  to  deter- 
mine the  residnal  or  permanent  set  of  these  parts. 

MODR  OF  BXECUTINQ  HOOPiyO. 


The  tube  prepared  for  hooping  is  to  be  supported  vertically,  the  bore  closed  at 
lK)ttom  and  maae  water-tight,  except  for  a  small  orifice  at  the  center  of  the  base  for 
the  exit  of  the  cold  water  with  which  the  bore  is  to  be  kept  tilled  during  the  operation. 
The  cylinders  should  preferably  be  heated  for  the  application  in  a  hot-air  cnamber.t 
Care  should  be  taken  to  have  them  uniformly  heated  and  to  avoid  raising  their  tem- 
perature too  high.  A  temperature  of  from  5(K)o  to  600^  F.  will  suffice,  and  the  expan- 
MOD  of  the  cylinder  should  be  kept  within  from  i%f o  to  t)'|^o  of  the  interior  diameter.  ^ 

^See  Notes  on  the  Construction  of  Ordnance,  No.  5  and  of  No.  25,  pp.  17  and  19. 

t  Where  gas  is  available  a  modification  of  a  tire-heating  machine  u«ting  this  frule 
haabeeo  found  to  afford  superior  advantages  for  the  work,  as  proved  in  the  recent 
coDKtniction  of  a  12- inch  mozzlo-Ioading  rifled  mortar  at  the  South  Boston  Iron  Works. 

i  This  will  fix  the  dimensions  of  the  gauge-rods  for  testing  the  expansion  of  the 
<«'venil  cylinders  nnder  heat  as  follows : 


Jacket 


A  hoop 


i  minimum    14''.035  ) 

2  }     14''.04 

(  maximum  14''.049  > 


minimum    22''.055 


22".055  ) 
!  22''.077  ) 


maximun! 
minimum   26''.3H6 


C  minimum   26''.3H6  ) 

B  hoop  <  > 

(  maximnm  26''.392  S 


22".07  >  Approximate  means. 


26".:J8 
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The  cylinder  should  bo  removed  from  the  hoat  nssoou  as  the  mean  expansion  herp  in- 
<licated  is  reached.  'The  cylimler  must  he  hrn.shed  ch*an  when  taken  from  the  Krar. 
4ind  then  placed  centrally  upon  th«  tube.  The  tni»i(*fer  should  be  effected  wjib«ci 
unnecessary  delny,  as  the  cylinder  will  cool  and  coutnict  rapidly.  Ah  aood  x«  the 
•cylinder  has  cotiled  down  sous  to  clarnp  the  one  within  it,  water  shonld  be  «iprii:klf-4 
upon  it — sparingly  at  lirst,  hut  by  degre«jH  more  plentifully — care  being  taken  to  cck>. 
it  unif(»rmly. 

Except  for  the  measurements  before  indieated  to  be  taken  at  the  period  of  niaxnn  im 
lieat,  ail  niearturemeiits  will  be  tlelayed  at  least,  twenly-fonr  hours  alter  the  applic^t- 
tiou  of  a  cylinder.  The  following  measurements  are  prescribed  for  the  metal  ii.  » 
^old  state : 

(1)  Or'.ginal  interior  and  exterior  diametei-s  and  lengths  of  the  cyliud^r^,  a*»  ^iv^-L 
in  Table  II. 

(2)  Exterior  of  tube  prepart'd  for  shrinkage. 

(3)  Exterior  of  jacket  after  application. 

(4)  Interior  an<l  exterior  diam«*ter>v  and  lengths  of  tube  and  jaeket  when  prcpareil 
for  shrinkage  of  a  rio(»p. 

C5)  Exterior  of  a  hoop  after  application. 

(())  Interior  and  extt-rior  iliamcters  an<l  lengths  of  tube,  jacket,  and  »  hoop  wlifi. 
prepared  for  hhrinkage  of  IJ  hoop. 

(7)  Interior  and  exterior  diameti  rs  and  lengths  of  all  the  cylinders  after  appK<.<i- 
4;ion  of  R  hoo)). 

(9)  Interior  and  exterior  diameters  and  lengths  of  tube,  jacket,  and  A  hoop  aft*r 
removal  of  B  hoop. 

(9)  Interior  and  exterior  diameters  and  lengths  of  tube  and  jacket  after  remo%'a]  of 
A  hoop. 

(10)  Interior  and  exterior  of  jacket  (in  the  half  section)  after  removal  of  tain*. 

(11)  Interior  and  exterior  of  tube  (in  the  half  section)  after  removal  of  jacket. 

MODE   OF   EXECUTING   MEASUREMENTS. 

(1;  Preparatory  to  the  antfemhtagf. — Each  face  of  cylinders  will  t>e  scored  with  fonr 
diameters,  dividing  the  <*ircumference  into  octants,  and  one  extremity  of  each  dtaiiit" 
ter  will  be  numbered.  Coiuci<lent  with  these  scores  four  diameters,  both  interior  aL«: 
exterior,  will  be  measured  at  points  corn«sponding  to  0.1  of  an  inch  within  the  jMvi- 
tion  of  the  fa^e  of  the  hoops  in  place  and  at  such  additional  points  as  may  be  ueci^- 
«ary  for  ascertaining  the  mean  diameter  ami  verifying  the  workmanship.  AI!  meas- 
urements will  be  made  in  the  planes  determined  by  the  scores.  Two  measurement* 
for  length  will  be  made  near  the  extremities  of  each  scored  diameter  at  0.25  of  an  iocb 
from  the  interior  and  exterior  surfaces  of  the  cylinder. 

(2)  After  cylindcra  are  in  place. — The  diameter  of  bore  of  tube  and  exterior  diamet<>r 
•of  jacket  or  hoop  (as  the  case  may  be),  and  also  the  lengths,  will  be  measnreci  as  he- 
fire,  the  four  diameters  scored  on  faces  of  cylinders  being  radiall}'  coincident.  (Car*- 
must  be  taken  to  arrange  them  so  when  the  assemblage  is  made.)  For  measnring  tht* 
interior  diametei's  of  jacket  and  of  hoops,  short  shallow  grooves  are  made  in  each  face 
«of  tube  and  subsequently  in  jacket  and  A  hoop  of  just  suDicient  size  to  expose  the  ex- 
tremities of  the  diameters  before  measured  at  O.l  of  an  inch  within  thefac^sof  t}iehoop» 
"In  place  and  to  allow  room  for  manipulating  the  points  of  the  vernier  calipers.    Fur 

this  ]iurpos«5  the  dimensions  of  the  groove  should  be  about  0.75  of  an  inch  wide,  anil 
in  depth  extend  0.1  of  an  inch  at  least  within  the  extremities  of  the  diameter  {*> 
'h  '  measured.  These  grooves  are  made  by  drilling  holes  near  the  exterior  surface  of 
t.he  cylinder  and  finishing  the  cavities  with  a  hand-chisel.  The  film  of  metal  l)etweeii 
<l'ill-holes  and  inner  surface  of  the  adjacent  cylinder  is  left  to  be  taken  out  last.  A 
skillful  workman  must  be  ernpl<»yed,  and  great  care  exercised  not  to  injure  the  in- 
terior surface  of  the  adjaciMit  cylinder.  It  was  found  best  in  the  course  of  the  experi- 
ni  -ats  to  make  the  grooves  he, fire  assembling  the  outer  cylinder. 

(3)  Aftsr  cfflinders  are  removed. — The  same  measurements  will  be  repeated  as  before 
upon  tHe  cylinders  or  parts  not  destr«iyed,  except  that  the  measnrement-s  of  exterior 
diameters  near  the  ends  will  be  made  at  points  just  Vieyond  the  grooves;  and  for  ex- 
actness, measurements  should  be  made  at  these  points  in  the  original  finished  f^tate 
of  the  cylinders. 
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Appendix  B. 


RECORD  OF  MBA8VREUBNTS  OF  TUBE  OYLINDBB, 


I.— BORB  OF  TUBE. 


(1)  Original  interior. 


Diataaoe  from  top. 


0.3  Inch   

2.12  inches... 
3.95  inches... 
5.77  in<2he4  . 
7.6  inches  ... 


Mean 


Diameters. 


No  1. 


No.  2.        No.  3.    '    No.  4.        Mean. 


Inches.   .    Inches, 


9.499 
.499 
.499 
.499 
.4995 


I 


9.499 

.499 
.499 
.499 
.4995 


9.  4991 


0. 4991 


'   Inchee. 
9. 4995 
.4995 
.499 

:        .499 
.4997 


9.  4993 


Inehes. 
9.499 
.4985 
.499 
.499 
.4995 


Inehee. 
9.4991 
.499 
.499 
.499 
.4996 


9.499 


9.4991 


(*2)  /f/ttr  aaHemblafft  of  jacket. 


!  0.3 Inch  ... 
V.  12  inches 

;  3.05inrhe8. 
5.77  inches 
7.6  inches.. 


Mean 


9.4965  ' 

9. 4965 

0.4905  , 

9.4965 

0.4965 

.495 

.  49'».'i 

.4955  I 

.4955 

.4954 

.495 

.  49.> 

.495    1 

.495 

.495 

.4945 

.4«5 

.495 

.495 

.4949 

.4955  1 

.4»55 

.496    , 

.4955 

.4956 

9.4953 

1 

9.  4955 

9.4956 

9.4955 

9.4955 

• 



(3)  After  ansemhlatje  of  A  hoop. 


0.3  inch  — 
2.12  inches . 
3.95  inches . 
5.77  inches , 
7.0  inches.. 


Mean 


0.401 
.4905 
.49 
.4902 
.4912 

9  4916 
.  4905  , 
.49      ' 
.4903 
.4912 

9. 4916 
.4905  1 
.4902  1 
.4902 
.4912 

9.4916 
.4904 
.4898 
.4902 
.4914 

9.  4914 
.4905 
.40 
.4902 
.4912 

9.4908  1 

9.  4907 

9.4907 

9.4907 

0.4907 

(4)  After  afttembJage  of  B  hoop. 


0.3  inch 

1 
...       9. 4666 

9.487    ' 
.4865 
.486 
.4863 

.4868 

9.487 
.486 

.485 

.4852 

.4868 

9.487 
.486 
.4855 
.4855 
.4865 

9.4869 

2.12inches 

3.95  inches 

5.77  inches 

7.6  inches   

.  4865 
..  1        .486 
...         .  486 

.4805 

1 

.4862 
.4856 
.4857 
.4866 

Mean   

...       9.4863 

9.4865 

9.486 

9.4861 

9.4862 

(5)  After  removal  of  B  hoop. 


0.3  inch 

2.12  Inches. 

3.05  inches. 
5.77  inches. 

7.6  inohes. . 


Mean 


9.  4917 
.4908  I 
.49      I 
.49      ; 
.4912  I 

9.4907  I 


9. 4913 

9.  4915 

.4904 

.4907 

.4897 

.49 

.4897 

.49 

.4907 

.4912 

9.4004 


0. 4913 
.4903 
.4895 
.4898 
.491 


0. 4907        9. 4904 


0. 4914 
.4905 
.4898 
.4890 
.491 


9.4906 
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(6)  After  removal  of  A  hoop. 


Dittauce  from  top. 

No.  1. 

Diameters. 

■ 

No.  2. 

' 
Inekei. 
9.4965 
.4955 
.495 
.495 
.496 

No.  3, 

No.  4. 

Inehtg. 
9.4905 
.4953 
.495 
.495 
.490 

^   Me«i. 

0.3  inch 

9.4963 
.495 
.4943 
.4943 
.496 

IncKet, 
9.4963 
.4953 
.495 
.495 
.496 

0.4964 

2.12  inches 

.4863 

3.95  inches 

.4948 

5.7  i  inches 

.4048 

7.6  inches 

.400 

Mean 

9. 4952 

9.4956 

9.4955 

9.4050 

9.4055 

(7)  After  removal  of  jacket  {from  half  eeotion). 


0.3  inch  — 
2.12  inches. 
8.5  inches.. 


Mean 


I 

9.5 

.498 

.490    i 


9.498 


Vi  4890 
.4978 
.490 


9.4908 
.498 
.498 


9.4979        9.4979 


9.4905 
.4978 
.480 

9:4978 


9.4008 
.4979 
.400 

0.4979 


II.— Exterior  of  tube. 


(1)  Original  exterior. 


Distance  ftrom  top. 


No.  1. 


No.  2. 


Diameters. 


No.  3. 


Inches. 
0.3inch 14.H7 


I 


I  2.12  inches. 
*  3.95  inches. 

5.77  inches . 

7.0  inches . . 


.0077 
.0075 
.0077 
.0076 


Mean I    14.0075 


Inehet. 

14. 0057 
.000 
.007 
.007 
.007 


14.0005 


Jnehea. 
14.0002 
.0002 

.007 

.0075 

.0075 


14.0009 


No.  4. 


Inehe*. 

14.000 
.000 
.000 
.0075 
.007 


14.0005 


Mean. 


IneheM. 

14.0002 
.0065 
.0009 
.0074 
.0072 


14.0009 


(2)  *  After  removal  of  jacket  (from  half  sect  im). 


0.3  inch  ... 
2.12  inches 
3.5  inches.. 


Mean  ... 


14.0007 
.0002 
.0052 


14.0067 
.0002 
.0052 


14.0008 
.000 
.0055 


14.0065 
.000 
.0052 


III.— Length  of  tube. 
(I)  Original  length. 


14.0007 
.0001 
.0053 


14.000    '     14.000         14.0001       14.0059  \     14.000 


bO 


5"^ 

c  S 

51 


Diameters. 


No.l.     No.  2.   ,  No.  8. 


I 


No.  4.    j  No.  5.      No.0.      ira7.      No.  a     Me« 


OiiUT I    0.25 

Inner '    0.25 


Jneh.   I  Inches. i  Inches  .  Inches.,  Inches  J  Inches.  Inches.  Inches.  Incket.  Inckn 

I  7.002.%  I  7.9015  I    7.901  ;  7.9005  '  7.901".     7.9ii2j     7.0035     7.902     7.  WIS 

'  -  '-'  --       .904         .9CaS      Ml 


Mean 


.  9035  I    .  904 


.902  I    .902 


902       9. 035 


7.003       7.9028     7  9015,7.9012       7.9017     7  903       7. 9037  ,  7. 902M    ".»2:> 
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(2)  After  auemhlage  of  jacket. 


8| 

Diameters. 

No.  1. 

No.  2. 

1  No.  3. 

1 

No.  4. 

No.  5.     No.  6. 

1 

No.  7. 

No.  8. 

/Mean. 

t 

Outar 

InBer 

Jneh. 
0.25 
0.25 

Indiet. 

7.004 
.9045 

Inches. 

7.9035 

.904 

1 

'  Inches. 

7.903 

.904 

;  7.9033 

Inches.  Inches.  Inches. 

7. 9026  ,  7.  902       7. 903 

.904         .9025  1    .904 

Inches. 

7.904 

.905 

^Inches. 

7.9025 

.9045 

Inches. 

7.9031 

.9041 

Mean 

7.9042 

7.0037 

7.9033     7.9023  I  7.0035 

7.9045 

7.9085 

7.9036 

(3)  Jfitr  assemblage  of  A  hoop. 


Ottter 

Inner 

1 

0.25 
0.25 

7.905 
.9065 

7.90i 
.9065 

7.9035 
.906 

7.9035 
.006 

7.905 
.907 

1 

7.9065 
.907 

7.906 
.9065 

7.905 
.9075 

7.9047 
.9066 

Mean 

t 

7.9057 

7.9053 

7.9048 

7.9048 

7.906 

1  7.9087 

7.9057 

7.90€2 

7.9057 

(4)  Aftt-r  assemblage  of  B  hoop. 


Outer, 
lanvr. 


Mean. 


0. 25     7.  907       7.  906       7. 9035  i  7. 9045     7. 904       7. 9055 


0.25       .908    ,     .9075    •   .9055       .9055       .907 


.907 


.1. 


7. 9065     7. 907       7. 9055 
9.085    I     .9085  i    .9072 


7.9075     7.0067     7.9045  I  7.905       7.9055     7.9062     7. 9075  i  7. 9077  i  7. 0063  ' 


(5)  After  removal  of  B  hoop. 


ihiter 

Inner 

0.25 
0  25 

7.903 
.005 

7.904 

7.902 
.001 

7.901 

.9035 

1 

7.902 
.9U3 

7  902 
.9035 

7.  903 
.904 

7.904 
.905 

1  7.9035 
.905 

7.9026 
.9041 

Mean 



7.903 

7.9023 

7.9025 

,  7.9028 

7.9035 

7.  9U45 

7.9042 

7.9033  1 

(6)  After  removal  of  A  ho  p. 


Outer. 
Inner. 


0  25  7.0035  I  7.903   7.002  I  7.9015  7.9025  ,  7.903   7.904   7.904  '  7.9029 


<      0.25       .9047  I    .904 


.903 


.903 


.9035       .9045  !    .005        .9055  I     .9041 


Mean 7,9041     7.9035     7.9025     7.902J     7,903    i  7.9038     7.9045     7,9047  i  7.9035 


RECORD  OF  MEABUUEMENTS  OF  JACKET  CYLINDER. 


IV. — Intkhfor  of  jacket. 


( 1 )  Origi nalin terior. 


Diaipetera. 


Distance  from  top. 


No.  1.        No.  2.    I    No.  9-        No.  4.    i    Mean. 


Inches.  Inches. 

0.125inch I     14.001  14.0005 

1.0.>iDrh«s i        .000  .000 

3. 80  inches :        .000    ,  13. 9995 

5.60  inches 000  .9995 

7  4331ncbe8 .00<i5,  14.0005 


Inches. 

14. 001 
.000 
.000 
.000 
.0005 


Inches 


Inches. 


Mean '    14.0003       14.000 


14.0005  I  14.0007 
.  000    I      .000 
.  000    ,      .  000 

.000  !  .000 

.OOo5  I   .0005 


14.0003  I  14.0002   14.0002 
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(2)  After  (usemhtage  on  tube  {at  mds). 


Diameters. 


Distariice  from  top. 


Ni\  1.         No.  2.         No.  3.     '    No.  4.         Mean. 


I 


,    Inehe*. 

0.  I23imh 14.005 

7. 4.'{.')  iuches 005 


Inches.      Ineiket.       Ineheg.       Irehe*. 
14.004.'}         14.005       14.005  14.0049 


.0045 


.005 


.0045 


.0047 


Mtan 14.005         14.0045         14.005       14.0O47       14.0048 


(U)  Aj'trr  awemblnge  of  A  Iwop  {at  ends}. 


0  25inch 14.000         13.0902       13. 9!)95       13.9992        13.9995 

7.435iDcbes ,     13.9905  .9995  .9092  .9992'         .9093 


Mean I».9d97        13.  OWM        13.9994       13.  V992        13.9994 


(4)  Afttr  attHriublage.  of  li  hoop  {at  tmU), 


0. 125  inch  . . 
;  7. 435  iDcbea 


13.90C         13.996    •     13.996         13.996     ,     13.996 
.90ti5  .006:>  .096  .9958  .9962 


Mean '     13  0962       l3.9iM}2       13.906         13  9959        13.9961 


(5)  After  tenioval  of  Ji  hoop  {at  tudn). 


0.12.'.  inch  14.000 

OOf    , 


!  7. 4:i5  iuchcR 
'  Mean . . 


.000 


13.  !KK> 
.  !)99.> 


13.999.5       J3.9907 
.9995  .9997 


14.00U    14.000 


13.0995  I  13.9995   13.9997 


(6)  Af  er  remoral  of  A  hoop  {at  erf's). 


0. 125  inch 
7. 435  inchps 


14. 0042 
.005 


14.004  I  14.004   14  0045 
.  003  !    .  0048    .  005 


Mean '  14.0046   14.0045,  U. 0044  ,  14. 0047 


14.0042 
.005 

14.0046 


(7)  After  removal  of  tube  {from  half  ttction). 


4  5inchp« 13.9975  i    13.9973  1    13.9983  i    13.998    , 

5  6lMcliei I        .999    I        .999    I        .9995  .9995  i 


7.3inchc8 i    14.0015;    14.0015       14.0015 


Mean 13.9993  1     13.9993       13.9998 


14. 0015 


13. 9R7)< 

.9992  , 
14.0015  ^ 


13. 9996       13.  9095 


v.— Exterior  of  jackrt. 
(1)  Original  exterior. 

r)ianieteri». 


Distance  fioro  top. 


!  0.125  inch   .. 

1. 95inc*hM«.. 

3.  80inchiy».. 

5. 60  inches.. 
I  7. 435  inches. 

Mean . . 


No.  1. 


Inchui. 

22.  I»»5 
.105 
.104 
.106 
.106 


22. 1052 


No.  2. 


Inehe*. 

22.  105 
.11  5 
.105 
.1045 
.105 


No.  3. 


No.  4. 


Ineheti.   '  Inehftt. 

2-M055  22.106 

. 105  .  106 

.lOJiS  I  .1065 

.1055  I  106.T 

.  1055  ,  .  1065 


22.1049       22.1054       22.1(63 


Mean. 


Inrhea. 

22. 1054 
.1053 
.lt»53 
.1056 
.1058 


22.1055 
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(2)  J/<cr  asnemhlagb  on  tube. 


Distance  fh»ni 
0. 125  inch 

top. 

1 

1 

1 

Diameters. 

No.  1. 

1 

1 

..      22.108 
..|        .107 
.  1085 

No.  2. 

_    _    _ 

^i.  108 
.108 
.1085 
.1085 
.1085 

1    No.  3. 

I    22.107 

'        .1075 

.1085 

.1085 

.1085 

No.  4. 

22. 1075 
.  H»75 
.1085 
.1085 
.109     , 

Mean. 
22. 1076 

I.  d5  incbes 

.1075 

3.80incbefl 

.1085 

&.  OU  iDCbrM 

.109 

..1         .100 

1 

.1086 

7.  436  incbes 

.1088 

Mean 

..I    22.1083 

1 

22.1083 

22. 108 

22.1082 

1 

22. 1082 

(3)  Prepared  far  shrinkage  of  A  hoop. 


0.126  inch 22.0305 

1.95  inches 03 

3.80inrhi>it 03 

6.60inch«s 03 

7.436incbeB 03 


I 


Mian 22.0301 


22.03 

22. 0295 

22.03 

22.03      1 

.029 

.0285 

.029 

.0291  , 

.029 

.029 

.029 

.0292  ' 

.03 

.  0295 

.0295 

.0297 

.029 

1 

.  0295 

.0295 

.  0295  ' 

22.  0294 

22. 0292 

'    22.0294 

1 

22.0295 

1 

.      

_l 

(4)  After  remoral  of  A  hoop. 


0. 125  inch  .. 



22, 0307 

22.  0305 

22.  0305 
.0295 
.0295 
.03 
.  0295 

22.03 
.0297  ' 
.0295 
.03 
.0297  1 

22.0304 

'  1.  dSincbeii 

.0305           .0295  ' 
.0305           .0?95  ! 

.  0295 

'  3.80{ncbeM 

.0297  I 

'  5.  60  inches 

.0507 
.0305 

.03      I 

.0295  1 

1 

.0301  I 

7. 435  inches 

.0298  1 

Mean.. 

22.0306 

22. 0298  ' 

22. 0298 

22.0298 

22.  0300  ' 

(5)  After  n 

ftnovalof  tube  {from  half  section). 

4. 5  Incbes . . 

1 

22. 0267       22.  0?67 
.027    1        .026    1 
.  0278  1        .  0272  . 

1 
22. 0265 
.0265  1 
.  028 

22. 02f5 
.027     ' 
.028    ' 

22.  0266 

1  5.  6  inches . . 

.0266 

,  7.  435  inches 

.0277 

I 

1            Mean 

22.0272  ,     22.0266 

22.027 

1 

22.  0272  : 

22.  0269 

1 

* 

1 

VI.— Length  of  jacket. 


(1)  Original  length. 


1?  1 

■3 

=1  ■ 

Inch. 
0.25 
0.25 

No.  1. 

Inehet. 

7.551 

665 

Diameterfl 
No.  2.  1  No.  3.  ,  No.  4.  '  No.  5. 

1          : 

No.  6.     No.  7. 

1 

No.  8.  j  Mean. 

1 

OntfT 

Inner  

Ineheg.  InehM. 
7.  S.'il       7. 554 
.554         .5565 

InchSM.    Inches. 

7.  553  1  7. 5515 

.  555       .  554 

Jnehes. '  Inehee. 
7.551  1    7.551 
.  555         .  555 

1 
Inches.    Inches. 
7. 5515     7. 5517 
.554         .5548 

Mean 

p 
1 

7.653 

7. 5525     7.  5553 

1 

7. 654  j  7.  5627 

,  7.  553       7.  553 

7.  5527  '  7.  5533 

(2)  After  assemblage  on  tube 


Ooter 

Inner 

...      0  25 
.,       0.26 

7.551 
.554 

7.6507 
.5645 

7.  553'S     7.  553 
.  5555  '    .  6.565 

7.5.53 
.5555 

7.5516 
.554 

7.5506 
.554 

7.55 
.6536 

7. 5516 
.5546 

Mean 

. .  1 

7.6625 

7.6626 

7.  5546     7.  5642 

7.5542 

7.5527 

7,5622 

7.6617 

7.5531 

1 
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(3)  After  assemblage  of  A  hoop. 


/ 

Distance 
from  edge. 

Outer 

Inner 

MeM 

0.25 
0.25 

Diameters. 


No.  3.   1  No.  4. 


7. 5535 
.557 


7.654 
.5565 


Na5.      No.6.      No.  7.      No.  8.     Mem. 


7.553     I  7.5535  /  7.5525       7.552     7.5531 
.556    I    .  5565  ;    .  5565        .556      .  UCi 


7. 5552  I  7.  5553  ;  7. 5545 

I  1 


7.  555       7. 6545  i  7. 5543  ,  7. 5647 


(4)  AfUr  assemblage  of  B  hoop. 


Onter 

0.25 

7.654 

7.5535 
.557 

7.554 
.557 

7.5645 
.658 

7.555 
.658 

7.554 
.558 

7.553 
.556 

7.5535 

Tnii()r . . . .  r 

0.25 

.5565 

.5565 

Mean 

7.5552 

7.5653 

7.5555 

7.6562 

7,5565 

7.556 

7.5545 

7.565 

7.5S39 

.5571 

7. 5565 


(5)  AfUr  removal  of  B  hoop. 


Onter 

Inner 

Mean 

...       0.25 
0. 25 

7.551 
.554 

7.5505 
.564 

7.  5525 
.5615 

7.5525 
.5556 

7.553 
553 

7. 562       7. 5f  1 
.555         .555 

7.551 
.554 

7.551- 
.554? 

1 

7.5525 

7.5522 

7.5535 

7.554 

7.5545 

7.f5J5  i  7.6535 

1 

7.5525 

7.5533 

Outer. 
Inner . 


Mean 


(6)  After  removal  of  A  hoop. 


0.25 
0.25 

7.5506 
.653 

7.551 
.554 

7.  553 
.555 

7.  5525 
.555 

7.6525 
.5545 

7.552 
.5545 

7.551 
.554 

7.5517 

7. 5525 

7.554 

7.5537 

7.6536 

7.5533 

7.6525 

7.551      7.5517    I 
.  5535  i    .  5^>    ! 


7.5533    l.iSS 


RECORD  OF  MEASUREMENTS  OF  A  HOOP. 


VII. — Intkkior  of  a  hoop. 


(1)  Original  interior. 


Distance  from  top. 

Diameters. 

No.  1. 

No.  2. 

Jneheg. 

21.9975 
.9965 
.998 
.9968 
.997 

No.  3. 

No.  4. 

Inches. 

21.998 
.997 
.9985 
.997 
.9975 

Mean. 

1 

0. 1  inch 

Inche*. 

21.998 
.997 
.9985 
.997 
.998 

Inches. 

21.9975 
.997 
.9986 
.997 
.9975 

Inches. 
21.9977 

1.92  inches 

.9969 

3. 75  inches 

.9984 

5.  57  inches 

.9969 

7. 40  inches 

.9975 

Mean 

21.  9977 

21.9972 

21.9975 

21.9976 

21.9975 

(2)  After  assemblage  on  jacket  and  tube  (at  ends). 


0. 1  inch 

22. 026 

22  0257 
.025 

22.0258 
.025 

22.02.57 
.025 

22.0258 

7.  40  inchen 

.  025 

.025 

Mean 

22.0255 

1 

22.  0254 

22.  0254 

22.0254 

22.0254 

REPORT  OF   THE   CHIEF   OF   ORliKANCE. 


267 


(3)  AfXtr  assemblage  of  B  hoop  (a<  ends). 


DistMioe  (yom  top. 


0.1  Inch.... 
7. 40  inches 

He*n  . 


Diameters. 
No.  1.    '    No.  2.        Ko.  8.    I    Xo.  4. 


Mean. 


Xnehu.       Inehet.   ,  Inehet.   \   Inehe».    '   Inches,   i 
22.0215       22.0217  I    22.0217       22.0215  I    22.0210 
.022    I        .0215  I        .0215  ,        .0215  '        .0216  , 


22.0217       22.0216  '    22.0216  .    22.0215       22.0216 


(4)  After  remotal  of  B  hoop  {at  endit). 


Clinch.... 
7. 40  inches 


Mean 


22.026 
.026 


22.026 
.025 


22. 0255 
.026 


22.026    I    22.0260 
.0255  .        .0256 


22. 026       22. 0255  i    22. 0257  '    22. 0217  !    22. 0257 


(5)  After  heiitq  remoredfrom  the  nection.    Cut  open  on  one  side. 


0.11nch '    21.0972 

S.  75  inches .0077 

7.  40  Inches 0075 


L 


21. 9062 
.9962 
.996 


21.9976 
.9975 
.9976 


21.998  '  21.9972  > 
.  999  ;   .  9976 
.9965  I    .9974  ' 

1 ! 


Mean 21.9976'  21.9961:  21.9975 


21. 9085   21. 9974 


VIII.— EXTKKIOR  OF  A  HOOP. 


(1)  Original  exterior. 


Distance  from  top. 


No.  1. 


No.  2. 


Dianiotera. 


No.  3.    <    No.  4. 


Mean. 


I   IncheM 

O.linch ,    26.427 

1.02inches 4315 

3.75inches 432 

5.  57  inches •         .  4325 

7.  40  Inches '        .432 


Mean 26.431 


Inehet. 

IncfuM. 

Inch«t. 

Inchen. 

26.  4265 

26. 4265 

26.4265 

26.4266 

.432 

.4.32 

.  432.-1 

.432 

.432 

.4.3J 

.4325 

.  4321 

.432 

.  4325 

.433 

.4325 

9  .  432 

.  4325 

.433 

.4324 

26. 4309       26.  4311       26.  4315  '    26.  4311 


(2)  After  aesemhlage  on  jacket  and  tube. 


0.1inGh 20.4545 


1. 92  inches 
a.  75  inches 
&.  57  inches 
7. 40  inches 


.4565 
.4565 
.457 
.457 


Mean 26.4563 


26. 4.S25 
.456 
.456 
.4575 
,457 


26.453 
.4565  , 
.4565  ' 
.4565  ' 
.457 


26. 4545  j 
.4565 
.4565  I 
.457    ' 
.457    ■ 


26.4536 
.4504 
.  4564 
.457 
.457 


26.4558       2^4559  ,    26.4563  |    26.4561 


(3)  Prepared  for  shrinkage  of  B  hoop. 


0.3invh :  26.3335 

1.02inches ,  .3342 

3.75inchcs >  .3355 

6.S7inche8 i  .8355 

7.40lnchc8 '  .3355 


Mean 26.3348 


26  334 

26.334 

26.  334 

26.3339 

.335 

.335 

.3.35 

.3348 

.335 

.335 

.335 

.3351 

.336.1 

.336 

.435 

.3355 

.  3355 

.336 

.335 

.8355 

20.335 


26.  3352  ,    26.  3348       26. 3350 
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(4)  After  removal  of  B  hoop. 


Distance  from  top. 


0.1  inch 

1.92  inches. 
3. 75  inches 
5. 57  inches 
7. 40  inches. 

« 

Mean  . 


Diameters. 


No.  1. 


26.  8345       2C.  3345 
. 3338  . 3342 

.3343  I         .335 


.  335. 
.335 


.  3352 
.335 


26. 3335 
.3338 
.334 
.335 
.3345 


No.  2.     :    No.  3.        No.  4.        Mean. 


26.3335  26.334 

.3338  .3339 

.  33AS  . 3345 

.  334  .  3348 

.  3343  •      .  3347 


26.3.345       26.3348       26.3342       26.3341        26.3344 


IX.— Lengths  of  A  hoop. 


(1)  Original  length. 


Diameters. 


No.  1.      No.  2.    !  No.  3. 


Inches.  I  Inches. 


Inches. 


7.499    I  7.4985  i  7.499 


.498 


.4975       .4995 


No.  5.      No.  6.      No.  7. 


Naa     Mean, 


Inches.  1  Inches. '  Inches.   Inrha 


7.500 
500 


7.  4995  ;  7. 4993    7. 4HM 
5iHi    :     .4995      .4»4 


7.498.'i  ;  7.498    17.4992,7.4998     7.5007       7.500     7. 4S98  i  7. 4995    7.  Am 


(2)  After  asaemhlage  on  Jacket  and  tube. 


Outer 

Inner 

Mean 

0.25 
0.25 

7.498 
.498 

7.498 
.499 

7.499 
.499 

7.499 
.500 

7  499 
.500 

7.4985 
.4995 

7.499 

7.4975 
.499 

7.4975 
.4985 

7.4^ 

.mi 



7.498 

7.4985 

7.499 

7.  4995 

7.4995 

7.4982 

7.498 

7. 4f*>: 

(3)  After  a*8anblage  of  B  hoop. 


Onter 

0.25 
0.25  1 

7.499 
.499 

7. 4985 
.500 

7.499    •7.499 
.500         .500 

7.  4P9 
.500 

7.4995 

7.  4995 
.500 

7.499 
.500 

7.498 
.499 

7.4*5' 

Inner . . 

Mean 

.4»: 

..... 

7.499 

7.  992 

7.4995     7.4995 

7.4998 

7.4995 

7.4985 

1 

imi 

(4)  Afttr  removal  of  B  hoop. 


Outer 

Inner 

Mean    

0.25 
0.25 

7.  4065 
.497 

7.4962 
.497 

7.  4967 
.4969 

7.4968 
.499 

7.498 
.4988 

7.4984 

7.4972 
.498 

7.497 
.498 

7.4975 

7.4957 
.4963 

7.4%f 

7.  4967 

7.4966 

7.4968 

7.4979 

7.4976 

7.496 

7.4972 

(5)  After  being  removed  from  the  aectioHj  out  open  on  one  side. 


Outer 

Inner 

0.25  ! 
0.25 

1 

7.499 
.499 

7.499 
.499 

7.499 
.499 

7.5005 
.501 

1 
7.501     1 
.5015 

7.500 
.5<H) 

7.4995 
.4995 

7.4M7 
.4985 

i.m 
.4w: 

Mean 

i 
i 

7.499  i 

t 

1 

7.499 

7.499 

7.  5007 

7.5012 

7.500 

7.4995 

7.4986 

im 
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RECORD  OF  MEASUREMENTS  OF  B  HOOP. 


X.— Intkkiou  of  H  hoop. 


(I)  Griffin al  inferior. 


Distance  from  top. 


No.  1. 


Diametors. 
No.  2.         No.  3         No.  4.        Mean. 


I  Inehe*.       Inches.       Inehet.    '.    Inches.       Inches. 

jO.liDch 26.2IW         20.2975       26.21)8     ,    26.2995       26.2985 

j  I.  92  incbofl 

j  3  75  inches 

5.  57iucheit 

7. 40  inches  


.  2995 

.  208 

.298 

.2995 

.2987 

.300 

.299 

.300 

.300 

.2998 

.2995  > 

.  2985 

.2995 

.299 

.2991 

.300 

.299 

.auo 

.  300  . 

.2997 

Mean 26  299G       20.2981       26.2991 


20.  2996       26.  2992 


(•2)  After  aHsemblaf/e  on  .1  hoop,  j'icket,  and  tube  {at  tnda). 


O.lioch 26,3285       26.329         26  329        26.3285       26.3288 

I  7. 40  inches [        .33  .329.'5  .33  .329  .3296 

'     Mean 


26. 3292   26. 3293   26. 3295   26  3287   26.  3292 


(3)  Jj'ter  being  removed  J'rotn  the  iteclion,  cut  ttpen  on  one  side. 


I  Clinch ...      26.3015'     26  301     |    26.3002;    26.3002  1    26.3007  1 

3.75inche8         302  .3025  .3015  i        .3002'        .3015' 


7.  40  inchf's 
Mean . 


.301 


.  3023 


.301 


300 


3011 


26.3015  I    26  3019  I    26.3009'    26.3001       26.3011 


XI.— EXTKRIOR  OF  B  HOOP. 


(1)  Origin  tl  exterior  {at  endt). 


Distance  from  top. 


0.1  inch. 
7. 40  inches 

Mean 


Diameters. 


No.  1.         No.  2.         No.  3.     '    No.  4.         Mean. 


Inehet.   '    Inches.    '    Inches.    •   Inches. 
31.49X5'    31.4975,     31.498         31.498 
.498    ,        .4985  :        .498    I        .4985 


Inches. 
31.498 
.4982 


31.4982:    31. 498         31.498    ,     31.4982       31.4981 


(2)  After  asavmblage  {at  endn). 


0. 1  inch 
7.40  inches 

1 

31.525 
.526 

31.  5255 
.527 

81.5i5  ■ 
.526  ' 

31  5249 
.  52G 

31. 5251 
.5262 

Mean.. 

1 

31.5255 

31.5202  1 

31.  5255 

1 

31.  525'i 

31.5257 
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XII.— Lengths  of      hoop. 


(1)  Original  length. 


t 


' 


<   1 

1 

«  .     1 

S|  ' 

Diameters. 

Inch. 
0.25 
0.25 

No.  1.  i  No.  2. 

No.  3.  . 

1 

No.  4. 

No.  5. 

'  No.  6.     No.  7. 

1 

Na  8.  ,  Me^i 

OnUit 

iDuer 

Mean 

1 

Inche*. 

7.4965 

.495 

7.4965 
.495 

j               I 

Jneheg. .  Inches. 

7.  4965  1  7. 4968 

.  4955       .  495 

Tnehe*. 
7.496 
.495 

1 
Inches. '  Ineheg. 
7.495    '  7.4835 
.  494         .  4925 

Iiuhfi.   In<ht$ 

7.4«      7.4a> 

.4835      .41k 

•  ■  «  • 

7. 4967  1  7. 4967     7. 496       7. 4»59 

7.4955  1  7.4945  1  7.493 

i 

7.4947 

t 

7.4Sf: 
7  iWi 

(2)  Jfter  asgemhlage  on  A  hoopjjacktt^  and  tube. 

Outer 

1             '        .    1 

0.25  1     7.496      7.4985  i  7  495        7.4955 

7.494     1  7.493     .  7. 40S 

7.493 

Inner 

Menn  . .  - .  - 

0. 25         .  494 

.495 
7.4957 

.4935       .494 

.4925 

!     .492         .4905 

1 

.492    .    .481:.. 

7.495 

1  7.4943 

7.4947 

7.4983 

7.4925  '  7.4912 

7.4925 

"   'fr,- 

J 

(3)  After  removal  frtym  the  section j  tnit  open 

I  on  ohe  aide. 

Ontor 

Inner 

0.25 
0.25 

7. 496  !    7.  497 

.494  !       .495 

! 

7.497 
.4945 

7.497 
.4945 

7.4957  ;  7.4945     7.494 
.4945  '     .493     ;     .4925 

7.4945 
.494 

Mean 

'                1                ,               . 

■•*••'• 

7.495 

7.496 

7. 4957 

7.  4957 

7  4951 

7.4937  '  7.4933 

1 

7.4912 

7.4M9 

Appendix  C. 

VARIATIONS  OF  PRESSUMSS  AND  CHANGES  FROM  ORIGINAL  DIMESSIOSS  OF 
CILINDERS  IN  THE  SEVERAL  STAGES  OF  CONSTRUCTION. 

[Computed  from  the  actual  »brinkagea  employeil,  viz,  ^i  =  .0004786;  <^9  =  .0014547 ;  ^t  =  . 001361:'. 

First  stage. — Assemblage  of  jacket  on  tube.  -  \ 

The  value  of  g>i  is  exproHsed  by  the  following,  from  formula  (12),  Notes  on  the  Cou-  j 
Btruction  of  Ordnance,  No.  31 : 


_(4Ro*jf  Ri'')_Pii-i'i        (4Rag-fRi«)Pi4-JPi 
*^'—       3( Ri''  —  Ro^)  Eo  "*"  "3 (R/—  Rj2) E,        '     * 


.    {U)a. 


Replacing  the  first  terra  by  its  logarithm  and  reducing  the  known  quantities  in  the 
second  member,  expressing  them  as  logarithmic  coefficients  of  Pi  -f  pi  we  have: 


From  which 


•[6.6799406]=[6.1429152]P, -fp,+ [6.2306380]  Pi -fi?i    .    .    .   {U% 

P,"4-7;=  1.549  tons 


Substituting  this  yalue  in  (12)a  above  and  reducing  we  obtain  : 

(^  =  .0004786  =  .0002152  -f  .0002634 

which  being  interpreted  gives: 
Relative  tangential  contraction  of  exterior  of  tube  =  0.2152  thousandths. 
Relative  tangential  extension  of  interior  of  jacket  =  0.2634  thonsaudths. 


*The  bracketed  figures  throughout  the  text  represent  the  logarithmsof  correHpoad-   ■ 
mg  numbers. 
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To  obtain  the  tuDf^eotial  contraction  of  the  bore  of  Ibe  tube  and  extension  of  tbe 
txterior  of  the  jacket  Ibe  formulas  are,  respectively  : 

-  3  ( Ri«  -  -  Ki')  Eq^^^      Rt  "■  3  ( Rr'  —  Ri«)  Ei 

Whence  by  snbstitntion  and  reduction  we  obtain : 
Relative  tangential  contraction  of  bore  of  tube  =  0.378(). 
Relative  tangential  ext^u^ion  of  exterior  of  Jacket  =0.1211. 
To  find  the  variations  iu  length  the  formulas*  are: 

For  tbe  tube: 

dAho  R,«P,4-~», 

-^— =  —  2 /■»  i_  p  i\  V  =      0.0757  thousandths  per  linear  unit. 

For  tbe  Jacket : 

d  aAi         R{i  Pi  4-  Pi 
~dk    ~3  (R  •—  R  ''^  E"  ~  '''  ^'^"^^^  thousandths  per  linear  unit. 

Second  Btage, — Aseieuiblage  of  A  hoop  on  tube  and  Jacket. 

The  value  of  ^  is  expressed  by  formula  (13)  modified,  as  follows  : 

« 

.  _5  Ri^  p,-|.(4  Rji^^+Ri*)  i^2-ff^:     (A  Ra^+R^'lPH-p*  /,qx 

^^~     "      3(R,*-R,^)E,  "^    3  (Ra'^-Ri'^)  E^         •     •     "     ^'^^*^- 

In  which 


^^^ ^  5  R,*  (Ri^-Ro«)  Eo  P2+P2 


EoCRi^-Ro^)  (4  Ri*4-Ri^)+E,  (R.'^-R,*)  (4  "Ro«+Ri«) 

«r,  by  reduction, 

|Ji=— [9.7956479]  Pa+pa (13>*. 

We  have 

^^=.0014547  [7.1627767] 

Snbstitatinff  this,  together  with  the  value  of  pi,  in  (i3)a,  and  reducing  tbe  second 
member,  we  obtain 


[7.1627767]=[5.7186408]  P4+|),-h(6.5625461)  Pt+Pi   •     %    •    :  (13)c. 
wbence 

P7+]>3=3.484  tons 
This  substituted  in  (l3)o,'  replacing  ^i  for  it«  logarithm,  gives 

^=.0014547=.0001823-f. 0012725 

whence 

Relative  tangential  contraction  of  exterior  of  Jacket  =0.1823  thousandths. 
Relative  tangential  extension  of  interior  A  loop  =1.2725  thousandths. 

Returning  now  to  the  inner  contact  surface  tbe  value  of  Pa-f-p,=3.484  substituted 
iD  {\Z)b  gives 

p,=— 2.1764  tons 

This  value  represents  the  variation  or  relief  of  pressure  that  would  take  place  at 

this  inner  contact  surface  if  the  pressure  P^+Ps  were  supposed  removed  from  the  ex- 
terior of  the  Jacket.    Conversely,  then,  it  stands  for  the  increase  of  J^ressure  at  the 

'Taken  from  pp.  12  and  8,  Notes  on  Construction  of  Ordnance,  No.  6. 
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said  surface  due  to  the  assemblage  of  the  A  hoop,  siuce  that  assemblage  produces  tbe 

given  pressure  l*i-\-p:.     Therefore,  chaugiug  the  sign  of  pi  and  adding  to  the  preasort 
previously  existing,  we  l^xve 


Fi-\-pi= P, -\-pi -f />,  =  1 .549-1-2. l764:^3.7-254  tons 

to  represent  the  pressure  at  the  inner  contact  surface;  whilst  at  the  outer  contact 

surface  we  have  Pj-|-p2=3.484  tons. 

From  formula  (I'Z)  the  value  of  91  is  now  ex[>ressed  as  follows: 


_(4  Ko--fRr^)  P,4-//i     (4  R:^-hR,^)  Pj-!-/^,--5  R^PH^Pi 
^1-     :,  (R,^— Ro^)  Eo    "*■  3  (IV-R,-)  El 

8ub8titutiug  the  given  values  and  reducing  the  two  terms  composing  the  secood 
member  we  obtain 

0,  =.000478(5=.0U0r)177— .00039. 
Then 

Relative  tangential  contraction  of  exterior  of  tube=0.5177  thousandths. 
Relative  tangential  extension  of  interiorofjacket=— 0.039  thousandths. 

The  tangential  compression  of  the  bore  of  the  tube  is  given  by 


,3*^=!,  /il  >  '  i»  .,!  i.'„=0.9ll  thousandths  per  linear  unit; 

and  the  tangential  extension  of  the  exterior  of  the  A  hoop,  by 

JR3    iyKyPoip. 
n  =0  /D  ..  'tj>  }\  I.'  =0.9172  thousandths  per  linear  unit. 

The  variations  in  length  are  derived  from  the  following: 


-^7-—^..  ,,j,.     c,  J.  ,,  =—0.1822  thousandths  per  linear  unit. 
aho  3  ( R'  -  —  Ko^ )  Eo  ^ 


*dJA,     Ri«  P,-fPi-Kr  V:-\-fh 


dJh 


3  (R>^~  R,^)  Eo 


= — 0.0763  thousandths  per  linear  unit. 


•  ~dh'~T(Ri—R  -2)  1/  =+0-1'^^  thousandths  per  linear  unit. 

Tklrd  {or  final)  statje. — Assemblage  of  B  hoop  on  tube,  jacket,  and  A  hoop. 

[This  solution  is  not  given  in  Note  31,  but  is  a  direct  sequence  of  the  methods  given.] 

We  have  the  given  shrinkage : 

0i=.OO136l2  [7.1339405] 
To  adapt  formula  (14)  to  the  case,  we  must  place 

j)3=— (Pa+i'a)  and  substitute  (Pa-f-i^s)  for  P3 
whence  formula  (14) : 


_5  R..V,-K4  Rr-hRs^)  (Ps-f  Pa)  ,  (4  R4HR3")  (P-.+Ps) 
^~  3  (Ra'^-R,*)  Es  **"       3  (R^^-Ra^)  E3 


(14)4. 


The  unknown  tjuantities  in  this  equation  are  j)^  and  (Ps+jJs)*  l>ut  we  may  exprws 
the  former  in  terms  of  the  latter,  and  thence  obtain  the  value  of  (Ps-f-ps)*  which  rep- 
resents the  pressure,  at  the  outer  contact  surface  of  the  structure,  induced  by  the 
assemblage  of  the  outer  (B)  hoop. 

*Taken  from  page  14,  Notes  on  Construction  of  Ordnance,  No.  6. 
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To  exprasB  the  value  of  p^  in  terms  of  (Ps4-^)  ^^  bare  from  the  general  eqoationt 
of  eqailibriom  coocemed  (see  example  p.  17,  Notee  on  the  Constraotion  of  Ordnance, 
No.  7)  upon  Babetitnting  therein 

pa=— (Pi+i>8);  and|>o=0,  since  Po=0 
the  following: 

_  6  Ra'  (R,«  —  Ro«)  Eq 

^»  -  Eo(Ri«-Ro«)  (4 R,«  -f  Ri«;.-f  E,  (R««  -  R,«)  (4  E^  -f  R,«)i>, 

and 

-  ^  _^ 6R,«(R,«~R,«)E,(P,-fpa) ^__ 

"        Ei(R,«-R,«)(4  R,*  -f  R,«)  -f  E,  (Ra*— R,«)  (4R,«  -f  R,')  —5  R,«X  o*] 

ID  the  latter,  of  which  o^  represents  the  fractional  coefficient  of  p^  in  the  first. 

B.r  ralMitituting  the  values  of  the  known  quantities  and  reducing,  these  two  eqna- 
tioQs  beeome 

Pi=      [9.7956479]  o, (14)ft 

i>f  =  — [9.9687559]  Fa +  l>t) (14> 

Sobstitnting  this  latter  in  equation  (14)a,  also  the  logarithm  of  ^  and  reducing 
the  second  member,  we  obtain 

[7.1339405]  =  [5.6253724]  (P, 4- p,)4.[6.5584958](P,-fi>,)    ....    (14)d. 

whence, 

(Pt  +1H)  =  3.3692  tons. 

This  substituted  in  (14)d,  replacing  ^  for  the  first  member,  glyes 

^  =  .0001422  +  001219  s  .0013612. 
whence, 

Relative  tangential  contraction  of  exterior  of  A  hoop  =  0.1422  thousandths. 

Relative  tangential  extension  of  interior  of  B  hoop  =^  1.219  thousandths. 

Pssstngnow  to  the  intermediate  contact  surface,  where  the  shrinkage  0i  =  . 0014547 
has  been  applied,  we  wish  to  find  the  increase  of  pressure  brought  about  by  the  as- 
semblage of  the  B  hoop. 

If  the  pressure  (Ps+i's)  were  supposed  removed,  the  relief  of  the  pressure  at  this 
lorfiice  would  be  given  by  the  value  ofptf  equation  (14)o,  when  we  substitute  therein 
the  given  value  of  (Ps  +  ps),  conversely  thia  value  for  p^  may  be  taken  to  represent 
the  increase  we  are  seeking.  Therefore,  to  obtain  the  pressure  existiug  in  this  final 
stage  at  this  contact  surface,  we  have  simply  to  find  the  indicated  value  of  1%,  change 
its  sign,  and  add  to  the  pressure  previously  existing. 

Substituting  the  value  (P9  +j»sy=  3.3692  in  (14)o  we  obtain 

j>8  =  — 3.1353; 
whence 


(P<  +1H)  =  Ps+1^i+1H=  3.484  +  3.1353=  6.6193  tons, 

rbich  represents  the  pressure  at  the  intermediate  contact  surface, 
equation  (13),  we  make  the  following  substitutions: 


l>,=  -(P,4.1H)       P«=(P.  +  p.)       Pi=(P84-P.) 
whence 

B  Ri«Pi  -I- (4  Ri* -fR**)  (P« 4- Pa)  .  (4Ra«-fR»»)(P«  +  y»)-5R8MPi  +  P») 
^=  3(R«»  — Ri«)E,  +  3(R9«-R9«)E, 

The  value  of  Oi  will  be  derived  from  equation  (13)6  by  substituting  therein  the 
present  value  ox  (P«  -f  jit).    We  thus  obtain 

p,ss~  4.13485  tons. 
4626  ORD ^18 
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With  the  known  valne  sabBtituted  in  the  second  member  of  the  ezpressioQ  for  «, 
above  we  find 

SPj  =  .00034363  -f  .0011083  =  .0014546 

whence 

Kelative  tangential  contraction  of  exterior  of  jacket  =  0.3463  thousandths. 
Relative  tangential  extension  of  interior  of  A  hoop  =  1.1083  thousandths. 
We  pass  now  to  the  inner  contact  surface,  where  the  shrinkage  ^i  =  .00047^  ha« 
been  applied.  The  pressure  existing  at  this  surface  in  this  final  stage  may  be  derived 
in  either  one  of  two  ways.  Technically  it  will  be  more  correct  to  make  the  suppo- 
sition that  all  pressure  is  removed  from  the  exterior  of  the  jacket ;  find  the  variation 
(relief)  of  pressure  thereby  induced  at  the  contact  surface  between  the  jacket  and 
tube;  change  the  sign  of  this  variation,  and  add  to  the  valne  of  Pi  -f  j>i,  as  found 
when  tliese  two  cylinders  were  originally  assembled  alone.  We  have  fouud  the  value 
of  this  variation  in  the  value  of  pi  above,  viz : 


whence 


jJi  =  —  4.13485  tons; 


(Pi  +i»i)  =  Pi  -^Pi  -fi'i  =  1'^^  -f  4.13485  =  5.68385  tons, 


which  represents  the  pressure  at  the  inner  contact  surface  for  this  final  stage. 

In  another  and  equally  direct  way  we  may  find  the  valne  souj^ht  by  considering  thf 
assemblage  of  the  outer  (B)  hoop  alone,  find  the  variation  (relief)  of  pressure  which 
would  be  induced  at  the  inner  contact  surface  by  supposing  this  hoop  removed  from 
the  structure,  change  its  sign,  and  add  to  the  pressure  existing  at  that  surface  in  tb« 
second  stage  of  the  construction. 

The  variation  of  pressure  now  sought  will  be  derived  from  equation  (14)6  hy  fsnh- 
stituting  therein  the  value 

i?8  =  — 3.1353ton8; 

already  found  by  the  solution  of  equation  (14 )o;  whence  we  obtain 


j7i  = — 1.9585  tons. 


Then,  from  what  proceeds 


(Pi  +l>i)=  Pi  -hPi  +i'i  =3.7254  -f  1.9585  =  5.6a39  tons, 

or  the  same  value,  as  previously  found. 
Resuming  equation  (12)  we  make  the  following  substitutions: 


whence 


j?o  =  0.  since  Po  =  0 ;  and  pi  =—  (Pi  -f  i^j ),  P«  =  (Pa  -j-pi), 


(4Ro«  +  Ri^)(Pi-f Pi)    ,    (4Ri^Ri«)(PH-Pi)-;5Ra«(P2  +  ih) 


3(Ra«— Ri2)Ei 


and  substituting  the  given  values. 


whence 


^1  =  .0007899  —.0003112  =  .0004787 


Relative  tangential  contraction  of  exterior  of  tnbe^=  0.7899  thousandths. 
Relative  tangential  extension  of  interior  of  jacket.= — 0.3112  thousandths. 

Resuming  the  values  found  for  the  pressures  existing  at  the  several  contact  surfaced 
in  this  final  stage  of  the  construction,  we  have 

(Pi  -fj>i) =5.6839,  (P,  +pi)  =  6.6193,  and:(P,  -\-pz)  =  3.3692  tons. 
The  tangential  compression  of  the  bore  of  tube  is  then  derived  from : 

aRo         5R,HPi-hPi)        ,«ixi.  A^^  T 

p-—  =  3lR  3  — Rfl^yk  =  ^'^  thousandths  per  linear  unit. 
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snd  the  tangeDtial  extension  of  the  exterior  of  the  stractare,  that  is,  of  the  B  hoop, 
JTom: 

A  R4         5  Rj«  (Pa  -f  Pa) 

-  ^  =  3  /p.a  ^  p  8\R  =  0.9046  thousandths  per  linear  nnit. 

The  variations  in  length  are  derived  from  the  following : 

d  ^  h$           Ri'CPi+Pi)  yi «-.« ^1  I  1  ■..  > 

^—  = —  g-7p  a |>i \  V  =  —  0.278  thousandths  per  linear  unit. 

d^hi      Rt'  (Pi  +  J>i)  -  R«'  (P«  -f  1>2)  ni«4»*i.  ^^1,  T 

-jT—  = g-7p-a^R»\  E ~ ""  ^'^^^  thousandths  per  linear  unit* 

^-^  =  "*'  ^^'tSJ-S)^k  "^  ^^  =  +  0-0981  thouBandths  per  linear  nnit. 

"dir^^3  (Ri»  —  R^  E  ^^  "f"  ^'^^^^  thousandths  per  linear  unit. 

XoTK.— The  preceding  relative  values  are  given  in  oolumn  (5),  Table  VIU,  under 
'*  thoiiAsndths  per  linear  unit,"  except  that,  in  order  to  make  the  comparisons  with 
the  actual  measurements  direct,  the  following  corrections  for  tangential  extension  of 
exterior  of  jacket  and  A  hoop,  due  to  their  first  assemblage,  are  made : 

Exterior  of  jacket  =  ~  0.1823  +  0.1211  =  ~  0.0612  thousandths  per  linear  unit. 
Third  stage: 

£xt«rior  of  jacket  =  —  0.3463  +  0.1211  =  —  0.2252  thousandths  per  linear  unit. 
Exterior  A-hoop  =  -f  0.9472  —  0.1422  =  +  0  8050  thousandths  ner  linear  unit. 
The  column  (6),  under  inches,  consists  of  the  products  obtained  by  multiplying  the 
relative  values  of  the  changes  by  the  corresponding  interior  diameters  or  lengths. 
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Appendix  28. 


BEFORT  ON  KXPBEIMENTAL  CYLINDER,  FROM  THE  12-INCH  CAST'IBON 
BBEBCE'LOADINO  RIFLE,  HOOPED  AND  TUBED  WITH  STEEL. 

Bt  Capt.  D.  a.  Ltls,  Orbnakcb  Dkpartmxnt. 

COMPOSITION. 

The  ezpeiimental  cylinder  for  the  12  inch  cast-iron  breech -loading  rifle, 
hooped  and  tubed  with  steel,  is  a  compoand  or  bai1t-np  cylinder,  com- 
posed of  four  parts,  viz:  (I)  The  tabe  section  (Whitworth  steel);  (2) 
the  body  (cast  iron);  (3)  the  A* hoop  (Mid vale  steel);  (4)  the  B-hoop 
(Midvale  steel). 

MATERIALS. 
THB  TUBS  SBCnON. 

This  was  cat  from  the  front  end  of  the  tube.  An  annular  slice  for 
test  specimens,  ^^2  in  thickness,  was  removed  from  between  the  section 
and  the  tube  proper. 

The  end  of  the  tube  section  toward  the  main  body  of  the  tube  was 
marked  ^^face."  The  tube  was  made  by  Sir  Joseph  Whitworth  &  Oo. 
from  *'  fluid-compressed  steel.'' 

THR  CAST-IRON  BODY. 

The  body  for  the  experimental  cylinder  was  taken  from  the  breech 
end  of  the  ^n-castin^,  and  about  five  inches  in  rear  of  the  face  of  the 
breech  of  the  finished  gun.  The  initial  tension-ring  for  breech-test 
specimens  was  taken  out  between  the  experimental  cylinder  and  the 
breech  of  the  gun.  That  end  of  the  body  of  the  cylinder  which  was 
next  to  the  gun  is  called  the  ^^  face,"  and  is  so  marked  and  designated 
throughout  the  experiments. 

THB  HOOPS. 

These  were  made  from  Midvale  open-hearth  steel,  and  were  marked, 
respectively,  "Ax"  and  **  BxP 

The  tube  and  hoops  were  rough-finished  to  within  about  one-eighth 
of  an  inch  of  their  finished  dimensions. 

OONTEAOT  SPEOIFIOATIONS. 

The  cast-iron  body  of  the  experimental  cylinder  was  provided  for  in 
the  contract  with  the  South  Boston  Iron  Works,  dated  September  24, 
1883,  as  follows : 

'<  The  casting  [for  the  12inch  hooped  and  tubed  gun]  shall  be  eighteen 
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(18)  inches  longer  at  the  breech  end  than  is  called  for  on  the  attached 
drawing,  to  provide  for  a  cylinder  to  be  taken  from  that  end  for  experi- 
mental purposes.'' 

Again,  the  contract  of  Jane  30,  1884,  provides  ^^  that  before  finish 
taming  and  boring  the  parts  of  the  gan,  an  experimental  cylinder, 
aboat  ten  inches  long,  representing  a  section  of  the  gan  over  the  cham- 
ber, will  be  assembled  exactly  as  the  gan  is  to  be  assembled,  with  the 
prescribed  shrinkage  and  the  same  allowed  variations.  This  experi- 
mental cylinder  will  also  be  unhooped,  the  several  parts  being  saccess- 
ively  removed  by  poaring  molten  metal  aboat  the  exterior  •  •  •." 
!  ^' All  dimensions  to  be  subject  to  sach  slight  changes  *  *  *  as  the 
Ordnance  Department  may  deem  necessary  or  advisable  to  make  as  the 
work  progresses.'' 

Allowed  variations. 


Boring  the  tube,  limits 

Tamineof  other  parts 

Boring  of  other  parts 

Bxterior  diameters  of  three  inner  cylinders,  limits . 

Parallelism  of  ends 

Booentrlcity 

Conicalness 

JLengths 


Contrsct  of  Jane 
30.1884. 


Instmctiont  of 
CMef  of  Ord- 
nanoe,  April  21 
1885,  and  printed 
circnlar  of  De- 
cember 1, 1S4. 


{ 


+".003  > 
-    0003 


I 


.002$ 

.m 


Sarplns  metal  left  for  finishing  ext'Orior  diameters  of  oast-iron  body  and  A-hoop,  after  shriakiog  <m 
and  measnring  exterior,  +".08. 
Bxterior  of  B-hoop  to  be  tnmed  to  finished  dimensions  at  onoe. 

INSTRUCTIONS. 

In  addition  to  the  contract  specifications,  special  instractions  in  re- 
gard to  assembling  and  dismantling  the  experimental  cylinder  were 
given  by  the  Chief  of  Ordnance  United  States  Army,  as  follows: 

Ordnakce  Office,  War  Depabtment, 

Waehifigtonj  D.  C,  April  2i,  1885. 
Capt.  D.  A.  Lyle, 

South  Boston,  Mass.: 

Sir  :  In  hooping  the  experimental  cylinder  provided  for  under  the  contract  for  the 
12-inch  B.  L.  rifle,  cast  iron,  hooped  and  tnbed  with  steel,  the  general  instrnctions 
contained  in  the  inclosed  circular*  relative  to  the  assembling  and  dismantling  of  an 
experimental  cylinder  for  the  8-inch  B.  L.  rifle  will  be  followed  as  far  as  practicable, 
except  so  far  as  modified  herein.  The  following  data  and  special  instractions  are 
also  furnished  yon. 

Dimensions  of  cylinders  for  the  assemblage. 


Measurements. 

Tube. 

Casting. 

A-hoop. 

B*hoep. 

TntArtnr  HiftmfitAr 

InchsM. 
18.6 

Inches. 
20lO 

Inehis. 
89i2 

KTtiAHAr  dijkniAtf^ii 

1 

TiAiiirthA ................................................. 

9.6 

0.6 

9.f 

9.  a 

*A8  nearly  as  the  else  of  this  hoop  will  permit. 

t  As  little  surplus  metal  as  practioable,  beyond  what  is  required  ibr  the  shrinkaice  and  ilnishiaf  est 
for  same,  shonlabe  left  on  exterior  dlMneter. 

*  See  printed :  **  General  Instructions  for  Assembling  and  Dismantling  an  Experi- 
mental Compound-Cylinder  8-inoh  B.  L.  Steel  Rifle  (Double  Hooped).'' 
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The  Talnes  of  the  ahrinkagei}  to  be  applied  are  as  follows : 


ShxJakAgMb 


TbMntkAl 

Pmcrlbed  limits. 


(Duudmom.. 
\  mlBlmuin . . 


Catting. 


H 

IS 


0.240 
0.290 
0.180 


i 


0048 
0068 
0038 


A  hoop. 


K 


1.760 
1.788 
1.711 


i 

•8 

,9 


0.0680 
0.0001 
0.0071 


B  hoop. 


1.611 
L644 
1.678 


i 


0.0780 
0.0754 
0.0794 


The  grooTee  for  meaanring  the  interior  of  the  B  hoop— see  inclosed  instmctiona — 
will  be  made  before  the  hoop  is  in  place. 

lo  making  the  measnrementa  on  this  compound  cylinder  it  is  very  desirable  to  know 
wtist  change  in  length  will  be  undergone  by  the  tube  and  casting  due  to  the  com- 
presmon  from  their  exterior  envelopes;  and,  therefore,  you  will  measure  as  carefully 
fts  pneticable  the  length  of  tube  and  casting  before  and  after  the  assemblage  of  the 
cylinder. 

DI6MANTUNO  THK  OTLXNDER. 

The  A  and  B  hoops  will  be  out  longitudinally  until  separation  takes  place.  After 
the  hoops  are  remoyed  and  the  dimensions  of  the  remaining  compound  cylinder  have 
been  measured,  if  it  is  found  that  the  tube  practically  resumes  its  original  dimensions 
prior  to  placing  the  hoops,  the  tube  will  be  taken  out  of  the  casting  by  means  of  Ion-, 
gitadinal  cuts,  so  as  to  leave  the  latter  intact  for  examination  and  measurement.  On 
Vhe  other  hand,  should  the  casting  show  a  more  perfect  restoration  than  the  tube, 
then  the  casting  will  be  removed  by  means  of  heat.  This  alternative  is  scarcely  to 
be  soticipated. 

TB8T8. 

After  disDEiantlinf;  the  cylinder  slices  will  be  taken  off  fh>m  one  end  of  each,  and  the 
foUowiog  test  specimens  taken  out  and  sent  to  the  commanding  officer  of  Watertown 
anoDsL 

HOOPS. 

Four  tangential  extension  specimens,  6  inches  long  between  shoulders  (see  blue 
print),  one  uom  rear  outside,  one  fh>m  rear  inside,  and  two  fh>m  middle  of  thickness 
of  each  hoop. 

OA8TINO. 

t 

The  slice  to  be  taken  from  same  end  as  the  ring  formerly  tested.  Two  tangential 
extension  raecimens  next  the  bore,  as  long  between  shoulders  as  the  material  will 
admit  of.  Three  tangential  compression  specimens,  12  inches  long,  one  inside,  one 
outside,  and  one  middle. 

Two  radial  compression  specimens,  as  long  as  practicable. 

Three  tangential  tensile  specimens,  one  outside,  one  inside,  and  one  middle. 


TUBS. 

Throe  tangential  extension  specimens,  3  inches  long  between  shoulders,  one  inside, 
one  ootside,  and  one  middle,  if  practicable. 

Three  tangential  compression  specimens,  5  inches  in  length,  one  inside,  one  outside, 
and  one  middle,  if  practicable. 
Two  radial  compression  specimens,  as  long  as  practicable. 

Tbe  drawings  furnished  the  commanding  officer,  Watertown  arsenal,  showing  posi- 
tion of  specimens,  should  have  indicated  on  them,  besides  the  marks  on  specimens,  that 
the  specimens  are  taken  after  nnhooping. 

Very  respectfully,  your  obedient  servant, 

8.  V.  BENfiT, 
Brig,  Oen.  CMtfof  Ordmmoe. 
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ComputaiioM  of  ehuHc  strength  of  experimmtal  oyUmdet  fiitm  124nck  bre9d^l0uii»§  rifk 

hooped  and  ttihed. 

[Data  fnrnisbed  by  the  OrdniiDce  Office  from  the  physical  tests  of  the  metal  made  before  hoepisf .] 


Xube. 
(Whitworth  steel.) 

00 =pox  21. 5  tons. . . 

fo=.00]5moh 

E«=  14333.  tons.... 


Cast  iron  body. 


Hoops  A*  and  B*. 
(lAUyalesteeL) 


9\=fi  tons 

«=  .00076  inch 
pi  =10  tons — 
01  s  .00126  inch 
Bi=:8000  tons 


=  «s  =  . 0017  inch... 
=  St  =  12Ml.  tons. 


^ 


Computations, 

fValiieaofP.) 

iCapt.  Charles  S.  Smith.]    [Ctapt,  D.  A.  Lyle  and  Lient.  H.  D.  Borap.] 


Tons.  Tons, 

'  P,(i)  =  a  7585  .-.  Ps=3.7686 
P«(<)«  7.7600 

Ps(*)  =  8. 0082  .'.  Pt  s  7. 7600 
Pi(>)=12.221 

Pi(«)  =  12.161    .-.Pi  =  12. 151 
Pb<i)»21.616 
P«(*)  =r  20. 191    .  •.  P«  =  20. 191 


Toms. 


Tons, 
P,(i)=  8.7687 
P»(»)=  7.75049 
P,(*)=s  8.M69 
PiC)  =  12.2214 
Pi(»)  =  12.1509 
P«(»)=21.6150  + 
P«(i)  =20. 19111  + .'.  P«=20. 19111 


•.P»=7.75049 
•.Pi  =  12. 151 


[Yalnesof  (P+p.)] 


(Pi+pi)^*^  =  U.704 

(P  +pf  -  7.022 
ps  =  .  42060  X 

pi  OS  ^  6. 4b«l 


(P. + p.)  ^•^=11.629 

(Pi  +  p«)'*=*«.8246    . 
(9. 2846)  f 
p9=^1.2086 


(P«  +  pi)'=12.988 

(P«+pi)''  =  9.6744 
p,  =  _.  54627 


,-.  (Pi-fpi)=7.0226 

.'.    Pi+pi=:6.6879 
Diff.  =(-)  L.8346 

(P«  +  pi)=9.824e 
Ps  +  pi  =  6.4514 
Df  ff.  =  —  3. 3732 


.-.    Pg+pi  =  9.6744 
'.    Pt  +  Pi  =  3.2122 


(Pj+P)  *^  =U.704 

(Pi+p)'*  =  7.0224+  , 

pt  =  0. 42064  Xpt 
pa  =  0  20000  X  pi 
pi  =-6. 4646 

(P«+pi)<*>  =11.626 
(P«+pt)'*  =  9.2833     . 

pt  =  1.2987 


Diff.  =6.4622 


(Pi  +  pi)  =7.0224; 

Pi +pi  =5.8864 

Diff.  =  (~)L3360  ;' 

I 
I 

(Pi+pt)  =  9.283l 

P«+p«  =  6.46179 

Diff.  =  (-)2. 88161 

(P»-fp»)^^*  =  12.987  + 

(Pt+pa)^  =  9.6748    .*.    (Ps  +  p.)  =  9. 6748 
Ps  =  — 0.6456  .*.     Pt  +  pt  =8.2131 

Diff.  =  (— )&461T 


Clerical  inversion  probably  writing  9.82,  4ko.«  instead  of  0.28,  Ac. 


SHBINKAGES. 


[Values  of  ^.] 


(Capt.  Chas.  S.  Smith.] 

^1=  -.  000499+".  0007332  =  +•  000233. 

p,=  -11.5032. 

4t  =  +,  00004777+ .  001760  =  ".  0017477. 

pi«— 4.80845. 

fi=  — ".  6000941+001700=  +.  0016069. 


(C^»t.  D.  A.  Lyle  and  Lieat.  H.  D.  Borap.] 

01=—''.  000499915+ ".  000733083=  +".0002331«. 

p,=  — 11.5048. 

♦^s=  +.  00004768I+".  0017=  +".  00I747681+. 

Pt=~4.29e0+. 

~".  060090743+".  0017=+.  0016091ST. 
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[ValoegofAR] 


TAKOBNTIAL. 


Systom  ai  rmU 

SysUm  In  action. 

System  at  rest. 

System  in  sotion. 

^^-.801218. 
^  ^'~ — L  808111 

-??=+.  00124791 
^g—ss  +.  000738. 

^J**--.  0012146. 
|-|^-=r-..  00045241. 

^^=+.0012478. 
~^'=a+.00078185+. 

RADIAL. 


dAlU. 
dARi 


•N  00150. 
—.00125. 


TAX6SKTIAL. 


d  AlU__ 

dlU 
d  A  Ri_ 


-.0015108. 
-.0012486. 


^!^+.081S75i. 


=+s0614486w 


CBL) 


ARt_ 


+.00170. 


Bt 

<M')^=:+.0017. 


^•=+.0013750. 

A  K« 

-^==:+.  0014532. 


ABa 


^+.0017020. 


R« 
A  Ri 
-^^+.001700. 


ASSEMBLAGE. 


JPtr«^  ^^0^0  of  experiments. 

IN8BRTION  OF  STBEL  TUBE  IN  CAST  IRON  BODY. 

VimenMionB  he/ore  assembling. 


Tabs. 

Cssting. 

MtssiinHtents. 

Prescribed. 

Actual 

Variations. 

Prescribed. 

Actual. 

Variations. 

Allowed. 

Actual. 

Allowed. 

AotoaL 

Istertordiameter. . 
titerior  dUmeter. 
Usgtlii 

Inches. 
13.5 

•20.0046 

tft5 

Inches. 

13.5006 

20.0053 
tft406 

Inehss. 
±.003 
(  +0. 000? 

J    — .002S 
±0.01 

Inches. 

+.0006 

+.0007 
-.004 

Indus, 
20.00 

8ft  8403 

:ft5 

Incheti. 
18. 0803 

88.8582 

tft4886 

nches. 
±.002 

H.08 
±.01 

Inshss, 
^0007 

+.0888 

-w0002 

*  Preeoribed  roazimom,  20.0052 ;  prescribed  miuimnm,  20.0082;  desired,  20.0046w 

t  Intrrior  leuKtha 

t  Exterior  lengths. 

i  Bnougb  metal  left  to  finish  in  subsequent  operations. 


EXPANDING  CAST-IRON  BODY. 

A  ^^-heater  was  used  for  this  purpose  very  similar  to  the  one  here- 
tofore described,  aud  figured  in  the  constractiou  report  upon  the  12  inch 
H.  L.  B.  mortar,  except  that  the  axis  of  the  heater  was  vertical  instead 
of  horizontal. 

This  beater  had  14  arms,  carrying  5  flarine:  burners  each,  or  70  burn- 
ers in  all,  for  heating  the  exterior  of  the  cylinder,  and  had  11  sets  of  4 
baroers  each,  or  44  burners,  on  the  spindle  for  heating  the  interior. 


282 


REPOBT  OF   THE   CHIEF   OF   OBDNANCE. 


The  heater  waa  arranged  so  that  it  could  be  boiated  ap  aad  removed 
from  the  cylinder  by  a  fall  and  tackle. 

The  cylinder  waa  mounted  upon  au  iron  ring  supported  by  ftcast-iroii 
cylinder. 

Tbe  position  of  the  cast-iron  body  in  hoisting  is  sbown  in  theannexed 
fignre,  with  tbe  gas-heater  removed  and  the  tube  section  inserted.  The 
diagram  also  shows  the  arrangement  for  keeping  tbe  tnbe  cool  by  a 
current  of  water. 

Tbe  beater  and  section  of  tube  with  cooling  appuratus  were  both 
handled  by  blocks  and  tackle  rolling  on  an  overhead  rail. 

Ineertion  of  tube  seelUm  in  oaet-iron  ftodj. 


>f  bore,  and  pmltion  of  oMt-troo  bsdj  la 


Cylinder — details  of  heating,  Mag  21, 1885. 


i.    a. 


GasligbWd 10  (1  30 

BlMton IV  41  « 

BlHstodjuitod 10  «  M 

MiQimnm  wire  fleiigth  =  20.005  inohas]  entered  at  (loosely) 10  H  n 

Trial  wire  [length=ao.042] 

Gas  heater  Loisted  for  first  trial  meaanremeiit II  9i  « 

put  back 11  a  » 

hoiHted  for  second  trial  measure  meat 11  34  n 

retaroed 11  34  in 

finally  removed ". 11  45  " 

Mazimnm  niro  [length  =  20.045]   (tight  fit  on  Nos.  1  and  3) : 

No.  1 11  45  W 

No.  3 11  45  *> 

Oasout 11  45  4.=> 

Measarementa  of  length  on  exterior  tahen  hy — 

Noouan  on  No.  1  diameter 11  46  50 

Lientenaut  Borap  on  No.  3  diameter . II  46  H 

Lieutenant  Borup  on  No.  7  diameter II  4*  M 

Captain  Lyie  on  Ho.  3 11  41  i 

Captain  Lyle  read  off  at 11  53  fl 

Section  steel  tnbe  in  place j 11  47  M 
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M^asuremsnU  of  openings  h^ttpMn  iuhe  and  easHng  on  diam§ter8  at  right  angles  io  each 

other. 

On  No.  1  diameter :  Inches. 

AtNo.  1 =.019  + 

AtNo.5 =.008  + 

On  No.  3  diameter : 

At  No.  3 =.005  + 

AtNo.  7 =.020  4-maximaip. 


Time. 

h. 

Time  at  end  of  these  measurements 11 

Section  of  tabe  hot  between  Nos.  3  and  5 11 

Brafi«  thickness  gaage  =  .01  inch  loose  between  Nos.  1><8 12 

tight  between  Nos.  1-ti 1 

Tabe  and  casting  in  contact  at  No.  3 1 

Br&ss  thickness  gauges  =1.007  inch  between  Nos.  1-ti 1 

.004  inch  tight  fit  between  Nos.  IS 1 

.003  inch  tiffht  fit  between  Nos.  1-8 1 

.002  inch  ti^t  fit  between  Nos.  1-8 and  all  around    2 
.002  inch  tight  fit  at  No.  1  (maximum  opening).    2 
Tntie  and  casting  in  contact  all  around  (maximum  opening  one  place  = 

.001  inch) 2 

Casting  cool 5 

Gm  pressure inches.. 

Gas  consumed cubic  feet.. 

M^sum^. 

Time  of  heating 1 

TinM"  of  cooling A 5 

Total  dnration  of  experiment 6 

Time  from  insertion  of  tube  until  casting  closed  on  it 2 


m. 

s. 

52 

0 

59 

0 

55 

0 

9 

0 

23 

0 

25 

0 

43 

0 

52 

0 

5 

0 

12 

0 

26 

0 

15  pm. 

.95 

772 

3 

30 

30 

9 

33 

39 

3d 

30 

Jjf.  Jtorup. 


Mr.  "Nmmncau 


Capi.  lofle  &  Ift  Bwrup. 


( 
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EXPERIMENTAL  OYLINDBR  FOR  12-INOH  HOOPED  Ain>  TUBBB  B.  L.  I 


Temperature  of  water  in  bore  of  section  of  eteet  tube, 

fOl^eot :  Injeriioii  of  tteel  tube  in  OMt-iron  body ;  Date.  Hay,  21, 1885 ;  hydrant  temp., 

xate  (gals  per  min.)  9.  J 


s65»F.:vita 


Tnbe  leoHon  In  position  in  casting 

Hydrant  temperatare 

Temperatare  ot  water  in  bore : 

Temperatureshydrant  temperature 


Pron*— 


A*       fMa        C» 


11    48     0 


Stationary 

Roth  inclnslTe. 
Both  IndasiTe. 
BothinolnsiTe. 


Bxperimental  cylinder  cool, . 


11    69     0 


12    14     0 
i2**23**"o 

ii"4e""o 


tare.  ' 


11  47 

11  47 

11  48 

11  51 

11  52 

11  58 
54 


9 
9 
9 
9 


57 


50 

12  13 

12  14 

12  22 

12  28 

12  45 

12  40 


1 

2 


48 

07 


2    80 


8 
8 

4 
4 
5 
5 


15 
45 
0 
25 
15 
80 


0 
0 
0 


15    15p. 


*  Little  less. 


t  May  21. 


» 

Si 
S?.l 
S7 
S&» 
M 
HLS 
B 
•85 


h. 

Tube  section  in  position  in  caetiog 11 

Temperature  of  water  in  bore=:hydrant  temperature 11 

Temperature  of  water  in  bore  began  increaHing 11 

maximum  and  stationary 11 

began  decreasing 12 

= hydrant  temperature 5 

Cylinder  cool  .• 5 

Time  after  tube  in  place  before  temperature  of  water  in  bore  began  to  in- 
crease      0 

Time  temperature  increasing 0 

Time  temperature,  maximum,  after  tnbe  in  position 0 

Time  temperature  stationary 0 

Time  temperature  decreasing 5 

Total  time  of  cooling 5 

Rate  of  flow  of  water  through  bore  (per  minute) gallons.. 

Total  water  used  in  cooling  (approximate) do 

Temperature  of  water  at  hydrant "Fah... 

Maximum  temperature  of  water  in  bore do 

Maximum  rise  of  temperature  in  bore do 

MEASUREMENTS  FOR  EXPANSION. 

1. — Diametral. 
Grand  Means : 

Exterior  diameter  of  tube  cold 20. 0(^4 

Interior  diameter  of  casting  cold 19.99^ 

Minimum  wire  length 20.065 

Maximum  wire  length 20.045 

Maximum  expansion  diametrally 0.0454 

Relative  expansion  diametrally  referred  to  original  diameter =19.9996= 
2.27  thousandths  per  I" 
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2. — Lonffitudinal. 

[A.11  measaTtaienU  taken  on  exterior  elemente.] 

Inohes> 
[M  uneter  No.  1 : 

At  No.  1.    May  t4,  exterior  length  cold  [origiDal  measurement]  (Liea- 

tenant  Bonip) 9.501 

May  21,  exterior  length  odd (Mr.  Koonan ) . .  9. 503 

exterior  length  hot (Mr.  Noonan) . .  9. 5185 

Total  longitndinal  expansion 0. 0155 

Relative  expaDsion  longitudinally  [referred  to  original  lengthy  9.503],  1.06 

th«>Q8aDdtn8  per  1''. 
Diameter  No.  3 : 

At  No.  3.    May  14,  original  measurement  cold (Lieutenant  Borup) . .  9. 501 

May  21,  exterior  length  cold (Lieutenant  Borup)..  9.505 

exterior  length  hot (Lieutenant  Borup)..  9.522 

Total  longitudinal  expansion 0215 


RelatiTe  expansion  longitudinally  [referred  to  original  length,  9.5005],  2.26 
tboaaandtDs  per  1''. 

At  No.  7.    Exterior  length,  original  measurement,  cold  (Lieutenant  Bo- 


rup)   : 9.501 

May  21.  Exterior  length  cold  (Lieutenant  Borup) 9. 5005 

Exterior  length  hot  (Lieutenant  Borup) 9. 521 

Total  longitudinal  expansion 0. 0205 

Relative  expansion  longitudinally  (referred  to  orig- 
inal length =9.5005)  2. 15 -f  thousandths  per  1". 
At  No.  3.    May  21.  Exterior  length  between  prick  punch  marks,  cold 

(Captain  Lyle) 8.9085 

•     May  21.    Exterior    length    betweeu    prick    punch 

marks,  hot  (Captain  Lyle) 8.9190 

Toral  longitudinal  expansion 0.0105 

Relative  expansion  longitudiually  (referred  to  orig- 
inal length  =  8.9085)  1.18  thousandths  per  1" 
(1.178-h). 

Second  stage  of  experiment — Application  of  hoop  Ax  to  cast-iron  body. 

Dimensions  before  assembling. 


CMt-ixon  cylinder. 


Hoop  Ax. 


Utmaan- 

Preaeribed. 

Actoftl. 

Variations. 

Prescribed. 

89.2 

4(L0530 
9i 

ActOAl. 

Variations. 

Allowed. 

ActnaL 

Allowed. 

ActaaL 

iDteilordi- 
unffter . . . 

^^9flH^V« 

Inehes. 

Inches, 

Inehss, 

Inchss, 
39.2007 

M.0168 
8.999 

Inchss. 

i:.002 

-.08 
±.01 

Inches. 

+.0007 

Exterior  dip 
aoMter... 

Lngths... 

915 

39.26M 
9.6002 

C-f.000> 
{-.0025 

i:.01 

^0089 
+.0002 

-.0371 
-.001 

Expanding  Hoop  Ax. 

The  gas  heater  employed  for  expanding  the  cast-iron  body  was  used 
for  boop  Ax  by  merely  adjusting  the  extensible  arms  carrying  the  burn- 
ers, so  as  to  include  the  greater  diameter  of  cylinder. 

The  exx)erimental  cylinder  was  mounted  horizontally,  as  shown  in  the 
accompanying  sketch,  which  shows  the  cylinder  with  hoop  Ax  in  posi- 
tion upon  it,  in  its  expanded  state.  Besides  simulating  the  actual  op- 
eration with  the  gun,  this  method  of  procedure  afforded  an  opportunity 
to  measure  the  maximum  opening  between  the  cylinder  and  hoop,  and 
to  observe  the  rate  of  contraction  of  the  hoop. 

Brass  thickness  gauges  were  used  to  measure  the  opening  between 
the  hoop  and  cylinder  at  the  lowest  point  until  the  hoop  closed  and 
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gripped  the  cylinder.  The  times  were  taken  at  which  the  opening 
reached  the  dimensions  of  the  several  ganges,  and  at  the  instant  the 
hoop  clamped  the  cylinder.  A  current  of  cold  water  waa  kept  circulat- 
ing through  the  bore  of  the  tube  section  until  the  whole  system  was 
cold.  In  heating,  the  hoop  was  hung  with  one  of  its  diameters  vertical, 
the  same  position  to  be  observed  in  hooping  the  gun. 
See  diagram  opposite. 

Details  of  heating  hoop  Ax.  h.  m.  •. 

Gaslighted 10  31  CO 

Blast  turned  on 10  31  05 

Blast  adjusted 10  31  20 

Mininaum  wire  [length  =  39 '.265  =  diameter  of  cast-iron  body]  entered  at.  10  59  "A* 

Trial  wire  [length  =39'V/75]  entered  at 11  04  50 

Maximum  wire  [length  =  39".285]  entered  at 11  10  50 

Gas  turned  off  at 11  10  55 

Heasuremento  for  longitudinal  expansion  taken  between  llh.lOni.  558.  and  11  11  Si) 

Began  sliding  hoop  on , 11  11  30 

Hoop  in  position  at 11  12  ,30 

Brass  thickness  gauge  =  0''. 017  entered  at ' 11  In  U 

=  ".01    entered  at 11  17  25 

=  ''.005  entered  at 11  19  00 

=   ".004  entered  at 11  19  35 

=  ".003  entered  at 11  19  56 

=   ".002  did  not  enter  at 11  20  15 

=  ",001  did  not  enter  at 11  20  25 

Water  ring  over  entire  hoop  at 1 11  21  00 

Heat  perceptible  half  through  cast-iron  body 11  26  W 

Heat  barely  preceptible  to  touch  at  exterior  of  tube 11  37  00 

Tube  just  perceptibly  warm - 11  49  (>0 

Hoopcoldat 11  49  00 

Wateroffat 12  00  00 

Gas  eonsumed Not  taken. 

Color  of  hoop Light  brown. 

Time  of  heating ^  50 

Time  of  cooling 38  10 

Total  duration  of  experiment 78  00 

Time  after  removing  from  heater  until  hoop  clamped  experimental  cyl- 
inder   9  30 

Time  after  application  until  hoop  closed  on  cylinder 7  55 

EXPERIMENTAL  CYLINDEB  FOB  12-INCH  HOOPED  AND  TUBED  B.  L.  E. 

I 

Temperature  of  water  in  bore  of  eeotion  of  steel  tube. 

[Object:  Application  of  hoop  Ax;  date,  May  29, 1885;  hydrant  temperatm^  60^  F.;  water  rate  (gklloDi 

perminate)  =7.8.1 


Hoop  in  position  on  castinf; 

Hydrant  temperature 

Temperature  of  trater  in  bore: 

Temperature  =  hydrant  temperature. 

Temperature 

Both,  inclusive 

Both,  inclusive 

Both,  iuclnsivo 

Stationary  (both,  inclusive) 

Both,  inclusive 

Both,  inclusive 

Both,  inclusive 


Hoop,  cool 


From — 


h,    m.    §. 


11  13  00 

11  29  00 

11  32  00 

11  37  00 

11  40  00 

11  53  00 

12  00  00 
12  03  00 


To— 


Tempezv 
tore. 


h.  fn.  9. 

11  12  30 

11  12  30 

11  13  00 

11  28  00 

11  31  00 

11  36  00 

11  89  t)0 

11  52  00 

11  60  00 

12  02  00 

12  10  00 : 

12  15  00 

12  ISp.m 


OF. 


69 

60 

MS 

61 

6L5 

m 

6L5 

61 

60.5 


T.  T=EHmI  tube. 


D.I).=Bracki 
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h.    m.    B. 

f|o4>p  Ax  in  position  on  casting 11    12    30 

remperature  of  wat^  in  bore  =r  hydrant  temperature 11    13    00 

reiQ|>«rature  of  water  in  bore  began  increasing 11    128    00 

Maximam  and  stationary 11    40    00 

Began  decreasing 11    5*i    00 

Hydrant  temperature 12    15    00 

floopAx,  oool 12    15    00 

rime  after  tube  in  place  before  temperature  of  water  in  bore  began  to  in- 
crease   17 

rime  temperature  increasing 12 

rime  temperature  maximum  (after  tube  in  position) 27    30 

rime  temperature  stationary 12 

rime  temperature  decreasing 19 

Total  time  of  cooling <j2    30 

Bate  of  flow  of  water  through  bore  (per  minute) gallons. .  7. 8 

Total  water  used  in  cooling  (approximately) do....  460 

Temperature  of  water  at  hydrant ^ ^Fahr..  BO 

Maximum  temperature  in  bore do....  62 

Maximum  rise  of  temperature  in  bore do....  2 

Hoop  Ax. 

LimiU  of  diametral  expannatt. 


Interior  diameter  odid. 
PKMTibcd  limits: 

Vaxinnm 

Minimum  ......... 

Actual 


diameter.       •*?«»*<»• 


Tkoutandtha, 


8.5 
2.5 
2.15 


Jnehst. 


.1872+ 

.0060+ 
.0843 


BeBuldng 

interior 

diameter. 


Inchst. 
39.2007 

30.3379 
39.2087 
89.2850 


Time  and  rate  ofexpaneion  and  o(mtraction, 

1.— DIAMETRAL  EXPANSION. 

iDterior  diameter  hoop  Ax  when  cold 39.2007 

h.  m.    Me. 

Gas  lighted  and  blast  adjusted .-. 10  31    20 

Minimam  wire  (length =39".  265)  entered  at 10  59    20 

Trial  wire  (length  =  39^'.  275)  entered  at 11  04    50 

Max.  wire  (length  =39".  285)  entered  at 11  10    50 

Hence: 


Period  of  heating. 

Time  of 
heating. 

Total  diam- 
etral 
ezpansicn. 

Bate  of  ex- 
pansion per 
one  inch  per 
minute. 

TvnX 

Jftnutef. 
28 
6.5 
6 

InckM. 
.0648 
.01 
.01 

Thoutandthi, 
Nearly  2. 3 

1.8  -h 
1.66 

SMood 

Tliid 

Uran 

1.92 

TvtAlthae  heatiiiff 

89.5 

.0848 

2.13+ 
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2.— DIAMETRAL  CONTRACTIOIT. 


Hoop  removed  from  beater  at 11  10  SO 

Maziinnmopeuiog  =  .02  inch  at 11  10  56 

Brass  thickueas  gauge  =.017  inchf  entered  at 11  15  15 

Interval  afcer  removing  from  heater  nntil  first  measurement  taken 00  4  2& 


Period  of  cooling. 


rirtt 

Second 

Third 

Fourth 

Fifth 

Sixth    

Sereoth 

Mean    

Total  time  from  entrance  of  ganger".  017  thick  until  hoop  doeed. 
Total  time  oontracting 


Time  of 
cooling. 


m. 

4 
6 
8 
8 
9 
• 
9 


c. 
25 
85 
10 
45 
05 
25 
85 


Opening. 


.017 
.01 
.005 
.004 
.003 
nearly.  002 


Interval  of 
time. 


Jiiinvtu, 


2.16 
1.58 
0.58 
0.33 
0.33 


Total  diam- 
etral etm- 
tracti<»i. 


.007 
.005 

.001 

.oot 

.001  + 


Kateof  eea. 

tnetioa  per 

one  ioc-h  pcrj 

miante. 


rihoiiMa^ 


Hoop  had  cloeed  on  cylinder. 


9    85 


.02 


4.98 
5.16 
a58 


.016 
.017 
.02 


II 
L7 
3.0 

3.1 

13  + 

108^ 


3.  Comparison. 

By  Hme8, 

l^zpansion :                                                                                                              h.  m.  «. 

Minimum  wire  =  39".265  entered 10  59  2» 

Maximum  wire  =  39".2a5  entered 11  10  30 

Time  required  to  expand  0".02 11  30 

Contraction : 

Maximum  opening  of  Hoop  Ax  on  cylinder  =  0^^.017 11  15  U 

Hoop  Ax  closed  on  cylinder ^  11  20  ft 

Time  required  to  contract  0".017 5  10 

Hence,  assuming  rate  of  contraction  to  be  constant,  the  time  required 

to  contract  0".02 6  « 

By  measurement 

Expansion:  Thonaaadthe  per  r 

Taking  the  relative  expansions,  we  have  for  the —  per  minute. 

First  period  of  heating,  relative  expansion 2.3  nearlj. 

Second  period  of  heatiug,  relative  expansion 1.8 

Third  period  of  heating,  relative  expansion 1. 66-f 

Mean  relative  expansion 1.92 

And  taking- 
Total  ti me  of  heating,  then  relative  expansion 2.13-f- 

Contraotion : 

Mean  relative  contraction  for  0".017  opening 3. 2 

Mean  relative  contraction  for  total  time  of  contraction 2.08 

4.  Longitudinal  bxpansion. 


Insiroment  aaed. 


Vernier  heam  calipers  (Navy) 

Vernier  heam  calipen  (Ord- 
nance). 
BeamoompaMea — 


Ohaerver. 


Comdr.  Lyon 

Mr.  Noonan  and  Liea- 

tenant  Bonip. 
Captain  Lyle 


Diameter. 

Length  of  As. 

*.M 

Sfl 

o 

i 

^1 

1^ 

l9 

P^ 

M 

o 

A 

HOi 

Jndm. 

1 

"1" 
tPr« 

9.0005 

9.0885 

a088 

hablv 

9.0185 

a  018 

8 

"8" 

&9995 

9.019 

0.0195 

8 

•  inn 

9.065 

9.08 

0.15 

■      ■    k 

HMs« 

90      S 


c  c 


{ 


P$ 


ccws 


3.11+ 

2mM]j. 

SLlSf 

L«5+ 


*R0f errod  to  original  lengtha  (cold). 

iComdr.  Lyon  evidentlv  callMl  off  the  wrong  tanndredth  of  an  iBoh,  making  it  0.028  inrtfad  of  0.011. 
He  aaya  that  he  boUevea'he  did  make  thia  error,  bnt  givea  both. 
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Third  stage  of  experiment — Application  of  Hoop  Ba?  to  experimental  cylinder. 

* 

DimeneioHB  before  assembling. 


Hoop 

Aff. 

Hoop  Bx. 

• 
Mettaarements. 

Pre- 

Actaal. 

Variationa. 

Pre- 
scribed. 

Actaal. 

VariatioBS. 

1    scribed. 

Allowed. 

Actaal. 

Allowed. 

Actaal. 

1 

Inches, 
I  Lt«*ri«»r  iliaoioter 

Inches. 



Inches. 

Inches. 

" " 

+.0028 
-.004 

Inches. 
45.9 

53.7 

9.0 

Inches. 
45.9 

53.6063 

9.0 

Inches. 
±.002 

±.002 

+.01 

Inches. 
0 

XiUriordUmeter {  JJ'^"m|  «.K87    \t-^\ 

Lm^tlM 1        9.0            8.M8    1     ±.01 

1 

-.0087 
0 

EXPANDING  HOOP  BX  BEFORE  APPLICATION. 

Tbis  hoop  was  expanded  Id  the  same  gas  heater  as  Hoop  Aa?,  but  on 
atTouut  of  the  larger  diameter  the  circumferential  burners  were  farther 
apart  and  the  heating  was  slower.  5oth  hoops  were  held  in  a  loop- 
Ming  similar  to  the  one  used  for  the  hoops  put  on  the  12inch  M.  L.  B. 
mortar.  This  hoop  attaiued  a  higher  temperature  than  Hoop  Aa?,  bnt 
neither  was  hot  enough  to  exceed  a  "  brown '^  color. 

Details  of  heating  {Hoop  Bx)— Da/c  June  10,  1885. 

h.  m.     s. 

Oaalighted 9  31    10 

Blast  turned  ou 9  31    20 

Biast  adjusted 9  31    30 

Minimum  wire  (length  =  45.977  =  diameter  of  exterior  of  hoop  Air)  en- 
tered   10  22    30 

Trial  wire  (length  =  45.987)  entered 10  30      0 

Maximum  wire  (length  =  45.997)  entered: 

Horizontal 10  35    30 

Vertical 10  38    15 

GMtnrnedoff 10  38    25 

Measurements  for  longitudinal  expansion  taken  between  10^  38™  20*  and ...  10  39    30 

Bi'gan  sliding  hoop  on p.  Lost. 

Hoop  iu  poMtion 10  40    iM) 

Brass  thickness  gauge  = ''.03   entered  (tight) 10  42    30 

=    .02    entered  (tight) 10  44    30 

=   .015  entered  (tight) 10  45    45 

=   .01    entered 10  46    50 

=   .005entered 10  47    50 

=   .002  would  not  enter 10  48    30 

Water  ring  oyer  entire  hoop 10  50      0 

Coald  not  Dear  band  uu  Hoop  Ax  (heat  had  also  extended  radially  2  inches 

from  exterior  of  casting) 10  51      0 

Heat  barely  perceptible  at  middle  of  casting 10  57    30 

Heat  barely  perceptible  at  two>thirds  tbickness  from  exterior  of  casting..  11  01      0 

Hoop  Bx  cold  on  exterior,  heat  barely  perceptible  on  int  rior,  and  Ax  warm.  11  28      0 

Casting  warm  except  near  tube,  heat  in  Ax  barely  perceptible 11  23      0 

HoopBxcold    11  23      0 

Wateroflf 11  45      0 

Gas  pressure,  difference  in  oolomns : 

While  bumiig inches..  1.1 

After  turned  oft do 1. 8 

Gas  consumed cubic  feet..  1017 

Hydrant  temperature  of  water degrees. .  62 

Sate  of  water  per  minute gallons. .  9 

Maximum  rise  of  temperature  in  bore... degrees..  H 

Color  of  hoop Brown. 

4625  OBD 19 
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*  h.     m.  B. 

Time  of  beating 66  45 

Time  of  cooling 44  45 

Total  duration  of  experiment  from  lightins:  gas  until  water  tamed  off  Hoop 

Bx 2    13  50 

Time  after  removing  from  heater  nntil  hoop  clamped  experimental  cylinder.  10  45 

Time  after  application  until  hoop  closed  on  cylinder •      8  40 

Temperature  of  water  in  bore  of  seeiion  of  steel  tube. 

Object :  Application  of  Hoop  Be.    Date :  June  10. 1885.    Hydrant  temperatnre=:62o.    Water  rate  (gal* 

ions  per  minate):  9. 


Hoop  in  position  on  Hoop  Ax 

Hydrant  temperatore 

Teniperatnre  of  watet  in  bore : 

Temperature=hydrant  temperatore. 
Temperature  (both  inclnsive) 

(both  inclusive)  

(both  incluaiye) 

(both  inclusive) 

(both  inclusive; 

(both  inclusive) 


From— 


A.  m.  t. 


10  41 

11  0 
11  04 
11  15 
11  31 
11  44 


To— 


h,  m,    #. 

10  40  20 

10  40 

10  41 

10  59   0 


Hoop  cool 


0  11  03 

11  14 

11  30 

11  43 

11  51 

;  11  52 

I  11  23 


Tempera- 
ture. 


D«gr4§tF. 


62 

62 

62 

62.5 

63 

63.5 

63 

62.5 

62 


40  20 

41  0 


Hoop  Bx  in  position  on  cylinder 10 

Temperature  of  water  in  bore  =:  hydrant  temperature 10 

Temperature  of  water  in  bore,  began  increasing 11 

maximum  and  stationary 11    15 

began  decreasing 11    31 

3=  hydrant  temperature 11    52 

Hoop  BjccooI 11    523 

Time  after  hoop  in  place  before  temperature  of  water  in  bore  began  to 

increase 0 

Time  temperature  increasing 1 0 

Time  temperature,  maximum  (after  hoop  in  position) .' 0    34    40 

Time  temperature,  maximum  and  stationary 0    15    .. 

Time  temperature,  decreasing 0    22    .. 

Total  time  of  cooling : 

hoop 0    42    40 

cylinder 0    71    40 

Bate  of  flow  of  water  through  bore gallons  per  minute..    9 

Total  water  used  in  cooling  (approximate) gallons..  648 

Temperature  of  water  at  hydrant degrees  Fahrenheit . .  62 

Maximum  temperature  in  bore do....  63.5 

Maximum  rise  of  temperature  in  bore do 1.5 


19    40 
15      0 


Limits  of  diametral  eaepansion. 


Interior  diameter,  cold 
Prescribed  limits : 

Maximum 

Minimum 

Actuallimits 


Aliquot  part 
of  interior 
diameter. 


expansion. 


Thougandtht.  I      IneheM. 


3.6 
2.5 
2.1132 


0.16065 
0. 11475 
0.097 


terior  diame- 
ter. 


Inehi*. 
45.9 

4&  06065 
46.  OHTS 
45.997 
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Time  and  rate  of  expaneioH  and  oontraotion, 

1.— DIAMETRAL  KXPAN8I0K. 

Interior  diameter  hoop  Bx  when  oold inches..  45.9 

h. 

Gas  lighted  and  blast  adjusted 9 

Minimam  wire  (length  =  45.977)  entered  at 10 

Trial  wire  (length  =  45. 9tJ7)  entered  at 10 

Maximum  wire  (length  =  45.997)  entered: 

Horizontally  at 10 

VerticaUy  at 10 

Hence : 


m. 

sec. 

31 

30 

22 

30 

30 

0 

35 

30 

:\H 

15 

Period  of  heating. 


Fiiit 

SeM&d 

iboriflODtd 
rertical 
ineAn 

Fint  and  aocond 

ihOTizontjil 
Tertical  .. 
mean 

Total  time  of  heatings 


Time  of 
heating. 


Ifinutef. 

51 
7.5 
5.600 
8.250 
6.875 
58.5 
13.000 
15. 7.50 
14.  375 
66.75 


-II 

lis 


Inehu. 

.077 

.01 

.01 

.01 

.01 

.087 

.02 

.Oi 

.08 

.007 


Rate  of  ex- 
pansion per 
1  inch  per 
minute. 


Tho%uandiht. 
1.50+ 
1.88+ 
1.81 
1.21 
1.45+ 
1.487  + 
1.53 
1.26+ 
1.39+ 
1.45+ 


2. — DIAMETRAL  CONTRACTION. 

h,  fa.  900. 

Gasturnedoflf 10  38  26 

Thickness  gange  =.03  inch,  tight  fit 10  42  30 

Interral  aft^r  gas  off  until  measure  taken 4  05 


Period  of  cooling. 

Time 

of 

cooling. 

Opening. 

Interral 
of  time. 

Total  dia. 
metml  con- 
traction. 

Rate  of  con- 
traction per 
1  inch  per 
minute. 

911.  #00. 

4      05 

6  05 

7  20 

8  25 

9  25 

IneheM. 
.03 
.02 
.015 
.01 
.005 

MinuUt. 

InehM. 

ThwMandOiM, 

2 

1.25 
1.08 
1 

.01 
.005 
.005 
.006 

5 

4 

4.6+ 

5 

' 1 

Keaa  

4.65 

Total 

5.33  1             .025 

4.60+ 

3.— KX>MPAR180N. 

Bjf  iimee. 

Expansion:                                                                                                         A.  m.    etc, 

Minimnm  wire  =  45.977  entered  at 10  22    30 

Maximnm  wire  =45.997  entered  at 10  35    30 

Time  required  to  expand  .02  inch 13 

Contraction : 

Maximum  opening  of  hoop  Bx  on  hoop  Ax  =  .02  inch  at 10  44    30 

Hoop  B«  closed  on  Ax  at •lO  48    20t 

Time  required  to  contract  .02  inch 4 

*  Tried  to  insert  .002-inch  gauge  hut  failed ;  and  hoop  had  closed  so  that  the  .001-inch 
gange  wonld  not  enter  before  observers  could  change  and  apply  gauges ;  hoop  closed 
probably  about  10.49  a.  m. 
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Hence,  aeeordiDg  to  the  intervals  of  time,  the  rate  of  contraction  ig 
about  three  times  as  great  as  the  rate  of  expansion. 

By  mnasuremeni. 
Expansion : 

Thousandths  per  1  inch  per  uteatc^ 

Taking  the  relative  expansion,  we  have  for  the  first 

period  of  heating  relative  expansion =l.r>-{- 

Second  period  of  heating,  relati  ve  expansion  of 1.  X^-u 

Third  period  of  heating  (mean),  relative  expansion 1.45-)- 

Mean  relative  expansion 1.42C- 

And  taking,  total  time  of  heating,  then  relative  ex- 
pansion   =1.450-.- 

Contractioii : 

Mean  relative  contraction =4.G9 

Hence,  according  to  the  measurements,  the  rate  of  contraction  is  a  little  greater 
than  three  times  the  rate  of  expansion. 

4.— LONGITUDINAL  EXPANSION. 


Instrument  used. 


Observer. 


Captain  Ljle 

Commander  Lyon 

Mr.Nooi^n 


Lieutenant    Borup 
and  Mr.  Casey. 


Beam  compasses 

Temier    beam    calipers 

(Navy). 
Yemier    beam    calipers 

(South  Bos  ton  Iron 

Works). 
Vernier    beam    calipers 

(Ordnance). 
Mean  of  all  f<mr  observations 

Meauof  last  three ^ 

Mean  of  two  observations  on  diameter  2  (at  "2  "  and  "  6  ") 
Mean  of  two  observations  on  diameter  4  (at  "  4  ") 


Diameter. 


No.     At. 


Length  of  hoop  Be 


Cold. 
(b) 


2 

4 


2 


»'2" 


tt  A  " 


«•«  •» 


6 


Inches. 
&995 
9.000 

9.000 


9.000 


After 

heating. 

(a) 


Ineh^. 

9.02 
9.018 

9.015 


9.017 


Total  ex- 
pansion. 


Inekea. 
.025 
.018 

.015 


.017 


*  Relative  «i. 

paosion  ml 
expansion  Mr 

hneariodu 


ThtfuaandOa. 

2.77-t- 
2.00 


L88^ 

2.07 
1.8M+ 
2.32 
1.83 


*  Referred  to  original  lengths  (cold). 


DISMiLNTLINa. 

Fourth  stage  of  experiment:  Removing  hoop  l^xfrom  experimental  cylinder^ 

The  cylinder  was  placed  on  edge  upon  the  planer  and  a  slot  0.5^'  wide 
was  cut  lengthwise  of  the  hoop,  beginning  on  the  exterior,  until  the  un- 
cut metal  was  reduced  to  about  0.3"  in  thickness,  when  rupture  took 
place  with  a  report  closely  resembling  a  pistol  shot.  The  slot  was  made 
on  diameter  No.  1,  at  the  end  marked  "1".  One  of  the  "scored" 
diameters  was  selected,  in  order  to  get  a  point  where  the  interior  length 
was  known  from  previous  measurements,  for  use  in  determining  the  con- 
traction of  the  web  or  fin  of  uncut  metal  after  rupture.  This  method 
of  procedure  has  this  disadvantage,  i.  a.,  that  the  interior  and  exterior 
diameter  at  this  point  measured  after  uuhooping  are  somewhat  distorted, 
due  to  the  contraction  of  the  uncut  metal,  and  are  not  directly  compa- 
rable with  those  previously  taken  at  the  same  place. 

It  would  probably  be  better  to  determine  and  mark  in  advance  a  iwint, 
say,  halfway  between  diameters  1  and  2,  and  measure  the  interior  length 
at  that  place  for  use  a^  above  stated.  This  would  enable  all  measures 
of  interior  and  exterior  diameters  to  be  taken  after  rupture  for  direct 
com])arison  with  those  pi*evioasly  obtained. 
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A  12"  Browu  and  Sharpe  scale  was  used  for  measuring  the  depth  of 
the  slot.  The  width  of  the  slot  was  measured  from  tiuje  to  time  by  a 
tai>er-fjange,  reading  dire<^tly  to  .005",  with  about  0.1"  between  the  gra- 
duating divisions,  so  that  the  widths  could  easily  be  estimated  to  within 
db.iH>2  of  their  actual  dimeiusions. 

The  widths  of  slot  were  measured  at  each  end  of  the  cylinder,  those 
marked  as  taken  "at  A"  being  taken  on  the  *'face"  in  all  cases,  and 
those  '*at  B"  were  taken  at  the  opposite  end  of  the  slot. 

The  measurements  in  column  marked  "top"  were  taken  on  the  exterior 
and  at  the  same  point  throughout.  Those  in  column  marked  "  middle" 
were  taken  half- way  between  the  exterior  and  the  bottom  of  the  cut,  and 
of  course  changed  with  the  depth  of  cut.  The  column  marked  "  bottom" 
contains  the  readings  taken  at  the  bottom  of  the  cuts  whose  depths  are 
jiiven  in  the  first  column.  These  measurements  were  taken  to  observe 
the  florin  assumed  by  the  cut  under  the  hoop-stress  as  the  slotting  pro- 
ceede<l. 

Mea8uremenl8  of  width  of  nlot  in  cutting  off  hoop  Bjr.* 


Width  of  slot- 


Depth  of  slot. 


At  A 


Top. 


Bottom. 


At  B. 


0. 
0. 
0- 

l. 
1. 

2. 
8. 
3. 
3. 


217 

fl 

8  (scant )t 


5 

5 

0 

5 '   .670   (HOAQt) 

5d  after  rapture .767 


Inehf. 
.495 
.4975 
.501 
.503 
.607 
.545 
.589 


Inehet. 


.4075 

.405 

.406 

.408 

.499 

.603 

.506 


Top. 


Bottom. 


Inehes. 
.407 
.500 
.501 
.501 
.505 
.545 
.  580 
.660 
.766 


Inehet. 


.503 
.502 
.499 
.502 
.504- 
.503 
.608 


*  M<'a«ar<>d  from  exterior  of  Bx. 

t  EUee  of  tool  broken  off;  tool  sronnd  to  witlth  of  .  5"  as  nearly  as  practicable,  and  used  an  til  end 
of  experiment.    From  this  time  oil  was  nsed  freely  to  keep  the  tool  from  losing  its  temper  by  heating. 

Miscellaneous  measurements  (Bx). 

Width  of  8lot  after  rnptiire  (hoop  removed) : 

At  top inches . .       .  6()5 

At  middle do (i5 

At  bottom do 514 

Width  of  seam,  or  line' of  rapt nre  lioop  in  place  =  1^" do 06*^5 

Ext<?rior  diameter  Bx,  original do 53. 6963 

luterior  diameter  Bj,  original do 45.9 

Differeme do 7.7963 

Half  difference  =  thickness  of  Bx  (original) do 3.896 

Depth  of  slot do....     3. 58 

Diffen'uce  =  thickness  metal  nncnt  before  rupture do 316 

Measnn^d  tbiokuess  of  metal  uncut  after  rupture  : 

At  A do 2965 

AtB do 311 

Mean  thickness  metal  uncnt  after  rupture  = do 304 

Contraction  of  thickness  at  lino  of  rupture  =  (.316" — .304")  = do 012 

Contraction  of  thickness per  cent . .     3. 7-4- 

Original  length inches..     9. 

Length  after  rupture do 8.^83 

Contraction  of  length do 117 

Contraction  of  length per  cent..     1.3 

Area  of  section  before  rupture square  Inches. .     2. 844 

Area  of  section  after  rapture do 2. 700+ 

Contraction  of  area per  cent..     5.  + 
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Fifth  stage  of  experiment :  Removing  hoop  Ax  from  th^  eaai^ron  body. 

This  boop  was  removed  in  the  same  manner  as  boop  Bx,  The  report 
when  the  uncnt  metal  broke  was  sharp,  bnt  not  quite  so  load  as  tbat 
accompanying  the  rupture  of  boop  Bx. 

MeasuremenU  of  width  of  Blot  in  ouiting  off  hoop  Ax, 


Depth  of  slot. 
Diameter  No.  "1"  on  "  1." 

Widthof  slot— 

At  A. 

AtB. 

Top. 

1 
Middle.  ^Bottom. 

1 

Top. 

Middle. 

Bottom. 

.2  inch 

Inches, 
.492 
.497 
.506 
.558 
.622 
.711 

Inehei.  Inches. 

1 

Inches, 
.495 
.501 
.508 
.556 
.624 
.707 

Inches. 

Inikes. 

Unch  

'".'548 
.603 
.693 

.493 
.493 
.496 
.501 
.578 

***.*642" 
.60S 
.684 

.498 
.496 
.497 
.498 
.573 

1.5  inches .-.- 

2.6  Inches 

3.0  inches 

3.1  inches,  hoop  rnptared. 

Miacellaneous  measvremente  (Ax.) 

Width  of  slot  after  rupture,  hoop  removed : 

At  top inches. 

At  middle do... 

At  bottom do... 

Width  of  Beam,  or  line  of  rupture,  hoop  in  place  (t^^'O 

Exterior  diameter  of  Ax,  original 

Interior  diameter  of  Ax,  original 

Difference  ..• 

Half  difference = thickness  of  Ax,  original 

Depth  of  slot 

Difference  =  thickness  metal  uncut  before  rupture 

Measured  thickness  of  metal  uncut  after  rupture: 

At  A 

AtB 

Mean  thickness  metal  uncut  after  rupture 

Contraction  of  thickness  at  line  of  rupture  =  (.  308"  —  .2385'')= 

Contraction  of  thickness per  cent. 

Original  length inches. 

Length  after  rupture do... 

Contraction  of  length do... 

Contraction  of  length -.per  cent. 

Area  of  section  before  rupture square  inches. 

Area  of  section  after  rupture do... 

Contraction  of  area do... 

Contraction  of  area per  cent. 


.628 

.620 

.500 

.05 

46. 0168 

39.2007 

6. 8161 

3.40i^ 

3.1 

.308 

.246 

.231 

.23-^ 

.0695 
22.56 
9. 
8.902 

.098 
1.08 
2.772 
2.  IIH 
0.654 
23.5-f 


Sixth  stage  of  experiment :  Removing  cctst-iron  body  from  steel  tube. 

The  cast-iron  body  was  cut  off  in  the  same  manner  as  hoops  B  and 
A,  in  accordance  with  telegraphic  instructions  from  tbe  Chief  of  Ord- 
nance, U.  S.  A.  The  uncut  metal  on  the  interior  broke  with  a  very  faint 
but  audible  report.  The  opening  of  the  seam  or  line  of  rupture  was  too 
slight  to  be  measured. 
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MtMurmMnU  of  width  o/iloi  in  cutting  ojf  oa$t-ir<m  cylinder, 

[Width  of  tool  =        ] 


Depth  of  dot  on  dUun. 
iro.lon"l." 

Width  of  Slot. 

At  A. 

AtB. 

Top. 

Middle. 

Bottom. 

Top. 

Middle. 

Bottom. 

.25  inch 

Inchst, 
.407 
.400 
.501 
.502 
.500 

1      .523 

Inehst. 

Inetui, 

IneKM. 
.487 
.406 
.407 
.408 
.607 
.518 

Ineht*. 

Ineh$i. 

2tnohe8«osiit 

4  Inohea ............... 

.487 

.404 

.406 

.500BO»nt 

.512 

.402 
.402 
.401 
.402 
.502 

.485 
.404 
.405 
.407 
.500 

.405 
.408 
.403 
.408 
.508 

6  inches 

0  inches 

^  9. 85  inohee  ruptured. . 

1 

Yexy  light  report. 


MioellancouB  mea9urement$  {ea$t^ron  cylinder). 

Width  of  slot  after  rapture,  cylinder  removed : 
At  A: 

At  top inches..  .511 

At  middle do .505 

At  bottom do....  .497 

AtB: 

At  top - inches..  .506 

At  middle do...  .503 

At  bottom do...  .496 

Width  of  seam  or  line  of  rupture,  cylinder  iu  place (too  minute  to  measure) 

Exterior  diameter  of  cast-iron  cylinder,  original 39. 2635 

Interior  diameter  of  cast-iron  cylinder,  original 20. 0031 

Difference 19.2604 

i  diffcrence^thiokness  of  cylinder,  original ,.  9.6302 

Depth  of  slot : 

AtB 9.4* 

At  A 9.35* 

DlfferanceBsthickness  of  metal  uncut  before  rupture : 

AtB : .2302 

At  A 2802 

Mean  thickness  ofmetal  uncut  before  rupture .2552 

Messnred  thickness  of  metal  uncut  after  rupture : 

At  A 256 

AtB 242 

Mean  thickness  of  metal  uncut  after  rupture , .  249 

Contraction  of  thickness  &t  line  of  rupture  (".2552— ".249) .  0062 

Contraction  of  thickness percent..  2.429 

Original  length 9.4982 

Length  after  rupture inside..  9.496 

Contraction  of  length .0022 

Contraction  of  length per  cent..  .02 

Area  of  section  before  rupture square  inches..  2.4239 

Area  of  section  after  rupture do....  2.3645 

Contraction  of  area do .0594 

Contraction  of  area percent..  2.45 

'  Approximate. 
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RECAPITULATION. 
Absolute  and  relative  expansions, 

[The  relative  expansions  are  expressed  in  thousandths  per  linear  inch  of  ttie  original  diaieiLiiici 
before  heating.] 


Total  time  of  heating 

Time  of  cooling 

Time  after  application  until  closed 

Original  interior  diameter inches.. 

Diametral  expansion :   • 

Maximum inches.. 

Relative  t  honsaodths  per  1  inch 

Longitudinal  expansion : 

I^Uttv,  I  Mr.  Noonan  ,at  "l")  |  '^_  -"i^ -^1.; 

Total       )  Lt.  Comd'r  Lyon  C  Inches 

Relative  5         (at  "1")         I  thous.  per  1  inch  . . . 

Returc |c»Pt.Lyle(af -S")  |  '^ ^,- iinciV.: 

Total       \  Lt.  Bomp  and  Mr.  C  inches 

Relative  >     Casey  (at  "S")     i  thous.  per  1  inch  . . 

Total       )  Lt.  Borup  and  Mr.  ( inches   

Relative  5     Casey  (at  "7")     \  thpus.  per  1  inch   . 


Casting. 


Ih    3»  30* 
6*  80- 
2^  38-  30» 
10.9993 

.0454 
2.27 

.0155 
L06 


.0105 
L18 

.0215 
2.26 

.0205 
2.15 


Hoop  Ax. 


39-    50« 
38-    IC 
7-    55« 
39.2007 

.0843 
2.154+ 


.018 

2. 0  nearly 
at 'T'.  015 
1.65+ 

.0195 
2.16-f- 


HoopBi 


U   6"  ti* 
44-  O 

45.  S 

.W 

lllji 

.015 
1.6$X 

.01(1 
2. 
.025 

2.77+ 

.017 

L8H 


Belative  diametral  expansion  and  contraction  per  linear  inch  per  minute  for  the  Itui  .02  iiii 

of  absolute  expansion. 


Expansion : 

Mean  (of  periods) thousandths  per  1  inch  per  minnte . . 

Using  total  time  of  heating do 

Contraction : 

Mean  (of  periods) thousandths  per  linch  per  minute.. 

Using  total  time  of  contracting do 

Time  required  to  expand  last.  02  inch 

Time  required  to  contract  same .  02  inch 


TEST  SPECIMENS. 
[Diagrams  appended.] 

These  were  taken  from  the  hoops,  cast-iron  body,  and  tube  sectioD, 
after  unkooping.  The  specimens  were  either  rough,  planed,  or  turned, 
and  were  sent  to  Watertowu  Arsenal  to  be  finished  and  tested. 

(1)  Hoop  Bx  (Medvale  Steel). 

Four  (4)  tangential  specimens.    Length  9  by  1.2  inches  square. 

1 


N'o.  1,  outside. 
No.  2,  inside. 
Nos.  3  and  4,  middle. 
See  (diagram  B.) 


13"  11.  &  T. 

1 

1 

1 
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(2)  Hoop  Ax  (Midtale  Steel). 
Four  tangential  tension  specimens.    Length  9  by  1.2  inches  square. 


No.  1,  outside. 
No.  2,  inside. 
Nos.  3  and  4,  middle. 
(See  diagram  A.) 


A. 

Marks. 

N98.1,2,.1&4. 

(3)  Cast-iron  Body. 
Tvno  tangential  tension  specimens.    Length  31  by  1.2  inches  diameter, 

5o8. 1  and  2,  both  inside. 

Three  tangential  compression  specimens.    Length  12  by  1.2  inches  diameter. 


No.  3,  outside. 
No.  4,  middle. 
No.  5,  inside. 


^ 

k 

€ 


Two  radial  compression  specimens.    Length  9.6  by  1.2  inches  diameter, 

Nos.  6  and  7,  opposite  sides  of  center. 

Three  tangential  tenacity  specimens.    Length  4.1  by  1.25  inches  square. 


No.  8,  inside. 
No.  0,  middle. 
No.  10,  outside. 
(See  diagram  G.) 


Three  (3)  disks  for  hardness  and  density^  5  inches  by  1.5  inches  diameter 


m 

ja"M.  &  T. 

o 

«« 

s 

c 

M 

a 

:s^ 

Vog.  8,9  &  10, 

Marks : 


These  disks  were  taken  on  a  radius,  one  inside,  one  outside,  and  the 
other  from  the  middle  of  the  ring. 
They  were  sent  to  Sandy  Hook  for  test. 


298 


BEPOBT   OF  THE   CHIEF   OF   OBDNANGfB. 


The  disks  were  subjected  to  a  pressure  of  10,000  pounds  in  the  test- 
ing-machine at  Sandy  Hook,  with  the  following  results,  as  communi. 
cated  by  Gapt.  C.  W.  Whipple,  Urd.  Dept.,  U.  S.  A.,  viz : 


Specimen  marked. 

Len^of 

cut. 

Hudnees. 

INT 

Inehsi. 
0.625 
0.610 
0.625 

18.66 
14.60 
13. 6S 

CEN 

OUT 

The  specific  gravity  of  the  specimens  was  not  given. 

(4)  Tube  (Whitwobth  SxEBii). 
Three  tangential  tension  specimens.    Length  6  by  1.2  inches  square, 

No.  2:  Sef'  }  fr«°»  «*"«  «d«  «f  ««°^«'- 
Fo.  3,  middle,  from  opposite  side  of  ring. 

Three  tangential  compression  specimens.    Length  5  by  1.2  inches  square 

Na  5;  SSfdef'  }  ^""^  '^"'^  «'^«  «^  ^^"t^'^- 
No.  6,  middle,  from  opposite  side  of  ring. 

Two  radial  compression  specimens.    Length  3.2  by  1.2  inches  squaret. 


No'  8*  I  ^^^™  opposite  sides  of  center. 

Marks : 

(See  diagram  T.) 


J3    JTJiT 
T 

A'bs.  7, 2,  J, 4 
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DlAGBAM  B. 

[Showing  position  of  speoimens.! 


Hoop  B  (Midyalb  Stbbl). 
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Diagram  A. 


[Showing  position  of  specimens.] 


Hoop  A  (Midvals  Steel). 
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DlAGRAK  G. 

[Showing  poBition  of  specimens.] 


\ 

1    ^           '"^s. 

X     1 

1    4           1               \. 

/          1 

5        1              \ 

2                > 

,.T;:::>. 

i        v^ 

_\y 

Cabt-xbon  Bodt. 


Diagram  T. 

[Showing  position  of  specimens.  ] 


J  • 


Tube  (Whitwobth  Stbbl). 
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REMARKS  ON  HEATING  THE  HOOPS. 

It  will  be  noted  that  66°^  45"  were  required  to  expand  Bxj  whfle  onlj 
39°^  50*  were  required  to  expand  hoop  Aor,  though  the  relative  expansion 
of  the  former  was  less  in  the  proportion  of  2.113  +  to  2.154. 

The  absolute  expansion,  however,  of  Bx  was  .0127  inch  greater  than 
that  of  Ax. 

The  difference  in  expansion  does  not  account  for  the  difference  in 
time  required  tor  heating,  nor  will  the  difference  in  volume  of  metal  to 
be  heated  account  for  it. 

This  discrepancy  may  be  accounted  for  by  noting  that  the  same 
heater  was  used,  and,  in  consequence  of  the  greater  circumferential  dis- 
tance between  the  burners,  due  to  the  longer  radii  of  the  arms  required 
«for  Ba;,  the  heating  would  not  be  so  rapid  as  in  the  case  of  Ax. 

Slight  variations  in  gas  pressure  would  also  affect  the  time  required 
for  heating.  The  temperature  of  B;r,  as  shown  by  the  color  test,  was 
slightly  greater  than  that  of  the  inner  hoop. 

The  best  method  of  heating  the  hoops  would  undoubtedly  be  to  place 
them  centrally  on  a  spider  in  a  horizontal  position  and  allow  hot  air  to 
enter  the  heater  axially,  strike  a  flat  cover  (which  is  movable),  and  flow 
outward  and  downward,  enveloping  the  hoop  in  such  a  way  as  to  heat 
all  parts  of  it  uniformly.  The  exit  pipes  could  be  arranged  around  the 
bottom  near  the  perimeter  of  the  heater.  In  this  method  the  tempera- 
ture  of  the  interior  of  the  heater  could  be  definitely  ascertained  with 
tolerable  accuracy  and  the  temperature  of  the  hoop  kept  within  any 
fixed  maximum  limit,  not  exceeding  600<^  Fahrenheit. 

With  the  gas  heater,  although  a  slight  oscillatory  rotary  motion  is 
maintained,  it  is  found  impossible  to  keep  every  segment  of  the  circam- 
ference  of  the  hoop  at  the  same  temperature.  Some  segments — gen 
erally  those  at  the  top  and  bottom,  on  accouut  of  the  ujiward  current  of 
air  iuduced  by  the  heat — will  have  a  higher  temperature  than  others. 
Yet,  on  the  whole,  very  good  results  may  be  obtained  with  reasonable 
care. 

With  a  reverberatory  furnace  the  same  difliculty — i.  «.,  that  of  un- 
equal heating — will  be  encountered. 

In  such  a  furnace  the  heat  is  necessarily  variable  at  different  points, 
due  to  the  form  of  the  furnace  arch  and  the  existence  of  a  bridge  wall. 
The  most  favorable  case  with  such  a  furnace  would  be  to  have  a  hori- 
zontal rotary  hearth,  upon  which  the  hoop  is  laid  flat  on  two  or  more 
cross-bars  so  that  the  segment  of  the  perimeter  farthest  from  the  bridge 
wall  should  occupy  the  point  of  maximum  heat,  and  then  by  slow  and 
uniform  rotation  of  the  hearth  every  point  of  the  circumference  would 
be  carried  consecutively  through  the  zone  of  greatest  heat.  The  hoop 
would  have  to  be  roughly  centered  over  the  pivot  of  the  rotating 
hearth. 

The  bars  are  laid  on  the  hearth  in  order  to  expose  as  much  of  the 
hoop  surface  as  possible  to  the  action  of  the  heated  air  and  flame. 
Even  with  this  contrivance  it  is  doubtful  whether  the  heating  would  be 
as  uniform  as  with  a  good  gas-heater,  unexposed  to  drafts,  and  under  a 
steady  gas  pressure.  The  furnace  has  the  advantage  of  keeping  the 
hoop  horizontal,  hence  there  is  no  sagging  due  to  the  weight  of  the  hoop, 
or  compression  due  to  the  method  of  slinging  used  for  the  gas  heater. 

With  large  hoops  it  is  found  that  the  expansion  rod  may  enter  hori- 
zontally before  it  will  vertically,  or  vice  versa^  depending  upon  the 
weight  and  method  of  slinging.    If  a  furnace  is  to  be  used,  it  would 
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probably  be  preferable  to  employ  a  large  maffle  furnace  similar  to  thoae 
nsed  for  roasting  arsenical  ores  when  the  arsenious  acid  is  to  be  saved 
and  collected  as  a  by-product.  With  such  a  furnace  no  flame  would 
come  in  contact  with  the  hoops  and  the  operator  would  be  better 
able  to  judge  of  the  ten^perature  of  his  furnace  by  inspection  since  no 
glare  of  flame  would  enter  as  a  perturbatory  factor  to  mask  the  color  of 
the  oxide  upon  the  steel  surface.  The  furnace  operator  could  also  reg- 
ulate the  heat  of  his  mnfiQe  by  having  at  hand  a  little  charcoal  to  place 
at  points  inside  the  mufQe  which  are  cooling,  or  are  colder  than'  he  de- 
sires. Of  course  careful  firing  would  be  required,  but  not  nearly  so 
much  care  would  be  necessary  as  in  the  case  of  an  ordinary  reverbera- 
tory  furnace,  since  the  degree  of  heat  can  be  regulated  by  opening  the 
doors  of  the  muffle,  if  too  great,  and  by  urging  the  fire  or  putting  char- 
coal in  the  muffle,  if  too  low. 

Any  one  of  the  three  latter  methods  is  to  be  preferred  to  the  uncer- 
tainty and  irregularity  of  the  old  method  of  heating  in  a  perforated 
flask  with  a  wood  fire. 

COLOR  TEST. 

The  color  test  for  temperature  and  approximate  degree  of  expansion 
has  been  as  satisfactory  in  this  experimental  cylinder  as  with  the  hoop- 
inii  of  the  12-inch  M.  L.  mortar.  The  limit  of  dark  broum  has  been  ad- 
hered to  as  indicating  the  highest  temperature  to  be  attained  in  heating, 
and  all  necessary  expansion  can  be  obtained  without  going  beyond 
that  limit  with  the  quality  of  steel  now  furnished  by  the  Midvale  Steel 
Cympany  for  the  Army  and  Navy  work  at  this  foundry. 

The  6-inch  Navy  guns  assembled  at  this  foundry  afforded  an  excellent 
opportunity,  both  in  the  hooping  and  in  the  shrinking  on  of  the  jackets, 
to  observe  the  correspondence  of  color  with  the  degree  of  expansion 
n'q  aired. 

The  five  Navy  guns  already  assembled  made  a  series  of  fifty  hoops 
available  for  observations  on  this  point. 

The  Navy  Department  use  a  greater  expansion,  and,  consequently,  a 
little  higher  heat  than  employed  by  the  Ordnance  Department  at  this 
place  upon  the  same  quality  of  work,  yet  with  their  greater  heat  they 
rarely  exceed  the  color  of  dark  brown. 

The  Navy  hoops  were  made  of  steel  by  the  same  company,  were 
heated  in  the  same  heater,  and  under  the  same  conditions  as  regards 
light,  draughts,  &c.,  as  were  the  Army  hoops,  so  that  the  color  tests 
were  observed  under  the  same  conditions  in  both  instances,  and  hence 
are  directly  comparable. 

RESULTS. 

The  numerical  results  of  the  experiments  are  given  in  Tables  1,  d,  and 
3,  appended  hereto. 

The  tables  of  detailed  measurements  are  placed  in  the  Appendix. 

The  measurements  in  these  tables  were  made  by  Lieut.  H.  D.  Borup, 
Ordnance  Department,  H.  S.  A. 
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Table  1. — Temperature  of  water  in  bare  during  hooping. 

[Flow  of  water  throagli  bore  =  0  jtallons  per  minute  daring  application  of  caat-iron  body;  7.B  nDcM 
per  minute  daring  application  of  hoop  Ax;  9  gallons  per  minute  during  application  of  boop  Be] 


Hqop. 


Temperatare  of  water  in  bore. 


Caat-iron  body 

Hoop  Ax 

Hoop  Bo; 


a 

I 

rfj  . 

■*•  a 

«s 

1* 

p? 

'*> 

» 

< 

OF. 

op. 

65 

65 

60 

60 

62 

62 

■ 

a 

Bt 


Of. 

59 
62 
63.6 


I 

go 

I 

M 


oj*. 
4 
2 
1.5 


1 

r 


OF. 
65 
60 
62 


Time  after  boops  in  p<wi- 
tion. 


Before. 


S4l 


e 


a 


m. 

3.6 
17 
19.66 


§ 

**  a 

t"  e 

Si 

.A 

o 


A.  fit.  a.  '  A.  m.  f. 
5  27  80       6  42  80 


42 
62 


60 
72 


Duration  of- 


m. 
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12 

15 


E 

C  9 

ES 


m. 
14 
12 
15 


B 

c 

eg 


19 

22 
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Effects  of  hooping  and  unhooping  upon  the  mean  lengtha  of  the  tube,  oaei-kron  M|,  a«i 

hoope  A  and  B. 


Stages  whon  meMured. 


(1)  iSieeion  9if  tUA  tub: 


Prepared  for  application  of  cast-iron  body 

With  oast-iron  body  applied 

Prepared  for  application  of  Ahoop 

Witn  A  hoop  applied 

Prepared  for  application  of  B  hoop 

With  cast-iron  Dodv  and  A  and  B  noops  applied. 

After  removal  of  Bhoop 

After  removal  of  A  hoop 

After  remoyal  of  cast-iron  body 


Totals 

Permanent  oompressiou 


Mean  lengths 
interior. 


0.4M 

9.495 

9.496 

9.496 

9.495 

9.4978 

9.495 

9. 4941+ 

9.4938+ 


Aetna! 
compression. 


.001 
.000 


.001 


.0023 
.0009 
.0003 


.0065 
.0023 


Actnal 


.008 


Stages  when  measured. 


Mean  lengths 
exterior. 


(2)  Oatt-WonlMdy, 


Prepared  for  applioation 
Applied  to  tnbe 


Prepared  for  application  of  A  hoop. 

After  remoral  or  A  hoop 

After  removal  from  tube 


9.49976 

9.49967 

9.5002 

914962 

9.4992 


Totals 

Pennanent  oompression 


(8)  A  hoop. 


Prepared  fbr  applioation 

Applied  to  cast-iron  body 

Prepared  for  application  of  B  hoop. 

After  removal  ox  Bhoop 

After  removal  from  oast-iron  body  . 


&999 

&9oe 
a9oe 

a  9987+ 
a  9992+ 


Totals 

Pernument  elongation. 


(4)  Bhoop, 


Prepared  for  appUcatl 
After  application  .... 
After  removal 


on 


9i 

a  9978- 

9. 


TotaU 

Permanent  elongation  or  oompression. 


Actual 
compression. 


002 


,002 
,00056 


.003 

.0 

.0023 


0053 


0022 
0 


Actual 


.OQOU 


.00] 


.00145 


OOU 


.00» 
.0003 


.003 


.009 
.0 


SUiOCABY.* 


Steel  tube 

Oast-iron  body. 

Hoop  A« 

fioopB« 


elongstioD. 


ttUf 
,4 


*  There  was  virtually  no  change  in  lenplh  that  could  be  detected  by  measurement.  The  tnan  of 
observation  and  the  removal  of  unavoidable  burs  from  the  edges  near  the  points  of  messniement  are 
sufficient  to  account  for  all  the  variations  noted  in  the  table. 
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ASSEMBLAaE  OF  COMPOUND  CLTINDER — SECTION  OF  HOOPED  AHD 
TUBED  12-INCH  CAST-IRON  RIFLE  OVER  CHAMBER — C0XPARI80K  OP 
MEASURED  CHANGES  OF  DIMENSIONS  WITH  THEORETICAL. 


Original  dimenHoiu  of  elementary  oylinderafor  reference. 


Cylinders. 

Diameters. 

1 

Interior. 

Exterior. 

Lengths.  | 

Tube 

Inehn. 
13.5006 
19.9988 
89.2007 
4&9000 

InehM. 
20.00535 
89.2654 
45.9767 
S3. 6963 

JLwmCeww99 

9.496 

9.49076 

8.999 

9.000 

Cast-iron  body 

A  hoop .* 

Bhoop 

Values  of  the  actual  ehrinkage  employed. 


Inches. 

Thousandths 

per 
linear  nnit. 

Cast-iron  body 

A  hoop 

0.00006 

0.0647 

0.0767 

0.3025 

1.6S051 

1.67103 

B  hoop 

TahU  of  changes  from  original  dimensiofu. 


Stages  of  oonstmotlon. 
Measnrements. 


Firtt  stag^—A$teniblagt  qf  jacket 

Measarements  of  diameters: 

Boreoftabe 

Exterior  of  tnbe 

Interior  of  Jacket 

Exterior  of  Jacket. 


Steond  ttag€-^A99tmMag$  qf  A  hoop. 

Measurements  of  diameters : 

B<Nreof  tnbe 

Exterior  of  tnbe 


1 

e 

8 

H 


33 

s 

ua 
H 


Inch. 


Inch. 


~.  U0242  -.  0026 
-.  00202  -.  0025 
+.  00403  +.  0058 
+.  00241 +•  0036 


-.  00974  -.  0108 
-.00814;-.  00805 


Interior  of  Jacket -.  002(K», -.  002 


Exterior  of  Jacket 
Interior  of  A  hoop 


-.00404'-.  005 
+.  05735  +.  0561 


Exterior  of  A  hoop ;+.  05178  +.  0503 

TMrd  {final)  wtoff^—AsiemhlagB  qf 
Bhoop. 


-.0168 


-.  0178 


Measurements  of  diameters : 

Boreoftabe 

Exterior  of  tnbe 

Interior  oflaoket 

Exterior  of  Jacket 

Interior  of  A  hoop +.  05020 +.  0406 

Exterior  of  A  hoop |+.  04448 +0416 

Interior  of  B  hoop +.0094   +.0080 

Exterior  of  Bhoop +.0627  ;f.0606 


-.  01404  -.  01035 
-.008    I-.0103 
-.  01203  -.  0145 


<*) 
—0.1792 
-0. 10116 
+0. 20134 
+0. 06151 


-0.7215 
-0.40728 
-0. 10478 
-0.12606 
+  1.46294 
+L1281 


5 


— 1. 

-0. 
-0. 
-0. 

+1. 

+0. 

+1. 
+1. 


2441 

702325 

39982 

30684 

28215 

909 

5119 

1675 


(*) 
-0.10250 
-0. 125 
+0.290 
+0.09148 


-0.8000 
-0.4025 
-0.1000 
-0. 12755 
+  1.4312 
+L  09301 


(•) 

+.0134 

+.0288 

+.0887 

r.0800 


+.0786 
-.0048 
-.0048 
+.0015 
-.0817 
-.0351 


Et=r  8508  tosL 
TheoretieaL 


-1.3185 

-0.8175 

-0.515 

-0.3099 

+  1.1888 

+0.9063 

+1.4816 

+1.1286 


+.0744 
+.1152 
+.11S2 
+.0631 
-.0083 
-.0627 
-.0304 


Inek. 

-.U0253; 
-.0021 
+.00394 
+.00236 


-.00972t 
-.00813 
>. 00208 


-.00465  -a  110 


+.0576 
+.0681 


ITatu. 
-OilNU 
-0.11153 
+0.1871 


-ami 
-aiott 
-aio4« 


+1.4flM 
+L13B 


*  Thousandths  per  linear  unit. 

KOTl.— Tbe  theoretical  changes  of  dlm«»nsionsaro  computed  fh>m  theralnes  of  sotnalshitDkigei em- 
ployed, as  given  above,  with  the  following  yaluHH  for  ooustante— via:  lU=a 6.75k  B|  =10.,  K«=Ut. 
B»  =  i2.9&  R4  =  26.85.  Eo  =  14333..  Ei  =  8000.,  E«=  Bs  =12941. 

N.  B.— The  two  oolumns  at  right  of  page  give  theoretical  changes  for  Ki=s8503  tons. 
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REPORT  ON  AN  EXPERIMENT  TO  DETERMINE  THE  EFFECT  OF  POURING 
MOLTEN  CAST  IRON  ABOUT  A  PIECE  OF  OIL-TEMPERED  STEEL, 

By  Lebut.  F.  £.  Hobbs,  Okdmancb  Dbpartmbnt. 

(1  plate.) 

MiDYALE  Steel  Wobkh, 

Philadelphiay  Pa.j  July  24, 1885. 

The  Chief  of  Oednanoe^IT.  8.  A.j 

Washington^  D.  0.  .* 

SiB:  I  have  the  honor  to  report  that,  in  compliance  with  your  in* 
Btmctions  and  authority  of  July  8, 1  have  made  an  experiment  to  de- 
termine the  effect  of  pouring  molten  cast  ii*on  about  a  piece  of  oil-tem- 
pered steel. 

The  metal  selected  was  from  the  muzzle  end  of  tube  No.  15  for  8-inch 
converted  rifles,  which  had  been  rejected  on  account  of  poor  tests  fix>m 
the  breech  end,  a  piece  15  inches  long  being  cut  from  the  muzzle  end 
for  the  purpose.  A  litcht  finishing  cut,  about  2  inches  in  lengthy  was 
taken  on  the  bore  of  this  piece,  at  the  end  from  which  test  specimens 
had  been  taken. 

As  no  accurate  calipers  for  making  fine  measurements  were  at  hand, 
a  gauge- rod  was  made  to  accurately  fit  this  finished  bore,  measurements 
being  taken  at  two  scored  diameters  at  right  angles  to  each  other.  As 
it  was  desired  that  the  expansion  of  this  piece  of  tube  due  to  the  heat- 
ing of  the  molten  cast  iron  should  be  at  least  .02  inch  on  the  diameter, 
another  gauge  rod  was  made  .02  inch  longer  than  the  first  one,  to  be 
used  to  determine  when  the  piece  of  tube  with  the  molten  cast  iron  about 
it  had  expanded  that  amount. 

The  weight  of  cast  iron  to  be  used  was  determined  from  a  considera- 
tion of  the  specific  heats  of  the  two  metals,  the  weight  of  the  piece  of 
tabe,  and  the  melting  point  of  cast  iron,  with  a  view  to  obtaining  a  tem- 
perature of  not  over  600^  Fahrenheit  in  the  steel,  under  the  supposi- 
tion that  the  two  metals  could  be  intimately  mixed.  Of  course  the 
sapposition  was  not  strictly  correct,  as  there  was  only  contact  of  the 
two  metals,  and  the  surface  of  contact  in  the  steel  was  liable  to  be 
heated  to  a  much  higher  temperature  than  &WP]  but  it  was  hoped  by 
removing  the  cast  iron  as  soon  as  possible  that  the  steel  would  not  be 
raised  to  an  excessively  high  temperature,  and  it  was  deemed  best  to 
make  a  calculation  under  a  supposition  that  would  give  a  definite  em- 
pirical rule  that  could  be  followed  in  any  subsequent  similar  heating 
operation. 
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Tbe  amount  of  cast  iron  required  was  found  to  be  about  120  poandii, 
giving  a  thickness  of  about  .8-inch  of  metal  about  the  piece  of  tube. 

The  piece  of  tube  was  placed  with  its  axis  vertical  in  a  green  saod 
mold,  and  was  sunk  about  one  inch  in  the  lower  flask  of  the  mold  to 
prevent  the  molten  metal  from  running  under  the  bottom,  and  so  up 
into  the  bore.  Two  flat  bars  of  steel,  .25-inch  thick,  were  placed  verti- 
cally in  the  mold,  in  the  space  to  be  filled  with  cast  iron,  and  oppoAJU 
to  each  other,  to  facilitate  stripping  when  the  desired  expansion  bad 
been  obtained,  the  runner  being  separated  into  two  branches  at  the 
bottom,  so  that  the  metal  could  enter  on  either  side  of  one  of  the  fiat 
bars. 

To  provide  for  the  filling  of  the  mold  exactly  to  the  top  of  the  piece 
of  tube  and  no  higher,  an  overflow  for  the  metal  was  cut  in  the  mold,  its 
bottom  being  on  a  level  with  the  top  of  the  piece  of  tube;  and  to  forther 
guard  against  any  metal  running  over  the  top  of  the  tube,  clay  v^u 
placed  around  the  outside  edge  of  the  top  end.  After  the  piece  of  tahe 
had  been  set  in  the  mold,  and  everything  was  in  readiness  for  ponriog 
the  cast  iron,  a  final  measurement  with  the  gauge-rod  was  made  at  the 
scored  diameters  to  determine  that  the  measurements  previously  takeo 
were  correct. 

The  cast  iron  was  melted  in  crucibles,  drawn  as  soon  as  melted, 
poured  into  a  hand  ladle,  carried  to  the  mold,  and  allowed  to  stand  for 
a  few  moments,  so  that  it  was  quite  as  cold  as  it  could  have  well  been 
poured.  The  mold  was  filled  in  one-half  minute.  As  soon  as  the  mold 
was  full,  and  as  rapidly  as  possible  thereafter,  measurements  were 
taken  with  the  gauge-rod  .02  inch  longer  than  the  original  diamet^, 
the  measurements  alternating  on  the  scored  diameters.  There  was  do 
apparent  expansion  until  the  heat  had  progressed  through  the  wall  of 
the  tube,  when  expansion  took  place  very  suddenly  and  sufficientlj. 
Verifying  insertions  of  the  longer  gauge-rod  were  immediately  made  on 
each  scored  diameter,  the  flask  lifted,  and  the  cast  iron  stripped  from 
the  tube.  The  expansion  did  not  take  place  until  two  minutes  after  the 
mold  was  full.  The  piece  of  tube  was  entirely  free  from  the  hot  cast 
iron  in  one  and  a  half  minutes  after  the  expansion  took  place.  The  cast 
iron  had  solidified.  The  metal  of  the  tube  showed  a  black  red  color, 
an  observation  being  taken  as  soon  as  possible;  but  this  color  mav 
have  been  only  apparent,  and  due  to  the  reflection  from  the  hot  cast 
iron. 

The  tube  was  allowed  to  cool  in  the  open  air,  and  more  careful  meas- 
urements with  the  longer  gauge-rod  than  could  be  taken  over  the  hot 
cast  iron  were  made  at  this  time.  It  was  found  that  the  longer  gauge- 
rod  had  a  play  of  about  one  inch  in  the  bore — i.  e.y  it  could  be  moved  back 
and  forth  that  distance — so  that  the  expansion  was  a  little  more  than 
.02  inch. 

Measurements  taken  25  minutes  after  the  tube  was  free  from  the  cast 
iron  showed  that  the  tube  had  not  up  to  that  time  contracted  appreciably. 
The  metal  was  poured  late  one  evening,  and  the  tube  was  allowed  to 
stand  over  night.  Measurements  on  the  scored  diameters  taken  tbe  fol- 
lowing morning,  about  13  hours  after  the  pouring,  with  the  primitive 
gauge- rod,  showed  that  the  tube  had,  as  nearly  as  could  be  determioed, 
contracted  to  its  original  diameter. 

Four  specimens  were  then  cut  from  this  end  of  the  tube,  their  axis 
being  about  1.5  inch  from  the  end,  t.  e.y  from  thetopof  the  pieceof  tnbeas 
it  stood  in  the  mold.  The  tests  of  these  specimens  have  shown  that  the 
physical  qualities  of  the  metal  were  not  changed  by  the  operation.   Tbe 
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summary  of  results  of  tests  of  specimens  before  and  after  the  pouring  is 
as  follows : 

BSFOBB  HEATING. 


Podtloii  of  apedmen. 


XTiI. 
MTtO. 
KTbM 


BlMtio 
limit. 


49,000 
48,000 
40.000 


ElMtio 
elongation. 


.001407 
.001400 
.001833 


Tensile 
strength. 


81,820 
81,240 
78,160 


Elongation 

after 
mptnre. 


10 
86.88 


Contraction 
of  I 


40.7 
52.  S 


AFTER  HEATING. 


MT4I. 
MTiO. 
MTtO 
MTfK 


45,000 
43,000 
40.000 
48,000 


.001267 
.001800 
.001833 
.001867 


78,480 

21 

80,240 

24.83 

77,600 

19 

82,800 

21.88 

54.6 

44.6 
612 

47.2 


In  conducting  a  similar  heating  operation  on  a  large  scale  special  ar- 
rangements would  undoubtedly  have  to  be  made  for  stripping  off  the 
cast  iron  immediately,  the  very  instant  the  expansion  desired  had  been 
obtained. 

I  believe  that  in  this  case  the  metal  could  have  been  allowed  to  remain 
in  contact  with  the  heated  cast  iron  for  a  considerably  longer  time  with- 
out any  very  great  amount  of  bad  effect  on  the  tube  metal ;  but  of  course 
saffident  expansion  having  been  obtained,  and  nothing  more  being  de- 
sired, the  sooner  the  cast  iron  is  stripped  off  the  better.  The  tube  metal 
seemed  to  hold  its  heat  and  remain  expanded  a  sufQciently  long  time 
for  any  desired  mechanical  operation. 

Very  respectfully,  your  obedient  servant, 

P.  B.  HOBBS, 

Lieut  of  Ordnance. 
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Appendix  31. 


BEPORT  Oy  EXPEElMENTa  TO  DBTERMINB  WHETRER  THE  QUALITY  OF 
TSMPKRSD  STEEL  18  INJURED  BY  BEING  SUBJECTED  TO  VERY  fflGB 
FURNACE  HEAT  FOR  A  SHORT  TIME. 

Bt  LdsuT.  RoasRS  BiRmSy  Jr.,  Obdnancs  Dbfartioimt. 

(2  plates.) 

Wjbst  Point  PouifDBY, 
Cold  Springy  If.  T.j  September  16, 1886. 

The  Ghikp  op  Obbnanob,  IT.  S.  A., 

Waahington,  D.  0.  : 

Gbnbbajl  :  Id  compliance  with  your  instroctions  dated  July  20, 1886, 
I  have  the  honor  to  aabmit  the  following  report  of  experimeiita  made  ^'  to 
determine  the  question  whether  the  quality  of  tempered  steel  is  injured 
by  subjecting  the  metal  to  a  very  high  fiimace  heat  for  a  brief  period." 

The  scope  of  the  experiments  was  extended  to  include  the  removal  by 
the  same  heat  of  a  tempered-steel  cylinder  (or  hoop)  from  an  interior 
cylinder  upon  which  it  had  been  assembled  with  a  shrinkage  approxi- 
mately suited  to  the  usages  of  gun-construction,  and  from  the  steel  thus 
treated  specimens  have  been  taken  from  various  positions  to  determine 
its  final  qualities,  for  the  purpose  of  comparison  with  the  qualities  of 
the  original  metal. 

The  steel  used  was  a  remnant  of  a  cylinder  supplied  by  Sir  J.  Whit- 
worth  &  Co.,  for  experimental  purposes.  One  portion  of  this  cylinder 
had  been  cut  off  to  test  the  original  qualities  of  the  metal.  Another 
portion  was  used  in  constructing  the  experimental  section  of  the  8inch 
breech  loading  gun,  and  was  tested  subsequent  to  such  use.  (See  IS'otes 
CD  the  Construction  of  Ordnance,  No.  32.)  This  gives  an  opportunity  to 
institute  an  interesting  comparison  of  the  qualities  of  the  same  metal 
under  three  conditions:  1st,  its  original  state ;  2d,  following  its  use  as 
an  intermediate  cylinder  of  a  gunsectiou  and  removal  therefh>m  without 
heat;  and  3d,  following  its  use  as  the  outer  one  of  two  cylinders  shrunk 
together  and  subsequent  removal  by  the  application  of  a  very  high  fur- 
nace-heat. The  parts  of  the  original  steel  cylinner  as  used  and  the  posi- 
tions of  the  various  test  specimens  are  indicated  in  Plate  I.  Preliminary 
to  shrinkage  the  steel  cylinder  was  carefully  bored  and  finished  square  at 
the  ends.  The  exterior  surface  was  not  disturbed ;  it  was  already  rough- 
turned  approximately  true  when  received.  An  old  coiled  wrought-iron 
tube,  fbund  at  the  works,  was  used  for  the  inner  cylinder.  The  breech 
end  of  this  was  prepared  to  receive  the  steel  cylinder  and  turned  to  give 
a  shrinkage  of  0^19  of  an  inch  on  the  diameter  of  14.0  inches.  The 
cylinder  is  shown  in  place  in  the  sketch,  Plate  II.  The  thickness  of  the 
wall  of  steel  is  4  inches  nearly,  and  that  of  the  wrought*iron  tube  8 
4626  OKD ^21  321 
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inches,  being  the  same  proportions  as  for  similar  parts  of  the  experi- 
mental 84nch  steel  gnn  (donble  hooped).  The  stated  shrinkage  is  a 
little  greater  than  the  greatest  shrinkage  applied  in  the  length  of  the 
jacket  of  that  gan  on  the  tube.  Measurements  were  made  of  a  number 
of  original  diameters  and  lengths  of  the  cylinders  before  its  assembla^ 
to  compare  with  similar  measurements  to  be  made  after  its  removal  iD 
order  to  determine  the  deformation  under  intermediate  operations. 

The  cylinder  was  heated  for  the  assemblage  in  a  furnace  recently  con- 
structed at  this  foundry  for  this  class  of  work,  in  which  the  metal 
is  heated  by.  hot  air  alone.  The  fire  was  lighted  at  8:15  a.  m.  At  11  a.  hl 
the  cylinder  was  put  in.  After  one  hour  and  thirty  minutes  the  interior 
diameter  was  found  to  have  expanded  0.025  of  an  inch ;  thirty  minutea 
later  the  expansion  reached  0.035  of  an  iocb,  and  ten  minutes  later  0.037 
of  an  inch.  It  was  then  removed  and  placed  upon  the  tube.  In  this  oper- 
ation the  tube  was  laid  on  trestles  in  a  horizontal  position.  The  heated 
cylinder  was  encircled  by  a  band  with  a  loop  at  top.  It  was  lifted  by  a 
crane,  swung  around  to  the  tube,  and  guided  to  place  by  hand.  The 
clearance  in  the  assemblage  was  a  little  less  than  0.02  of  an  inch  on  the 
diameter.  The  temperature  of  the  steel,  judged  by  its  expansion,  which 
was  even  throughout,  was  485°  Fahrenheit  nearly.*  Incidentally  an 
opportunity  was  here  afforded  to  test  the  practicability  of  making  a 
close  joint  between  gan  hoops  of  the  same  row  by  simple  means.  As 
soon  as  the  cylinder  was  in  place  it  was  drawn  close  against  the  shoulder 
on  the  tube  by  means  of  a  cross-piece  placed  against  the  outer  end  and 
operated  by  a  nut  working  on  a  rod  passed  through  the  bore  of  the  tube. 
The  extremity  of  the  cylinder  next  the  shoulder  was  cooled  with  a  ci^ 
cular  sprinkler  throwing  jets  of  water  for  fifteen  minutes.  Afterwards 
the  whole  of  the  cylinder  was  cooled  to  make  an  even  temperature. 
The  joint  thus  obtained  was  as  close  as  could  be  desired. 

Eighteen  days  afterwards  the  cylinder  was  removed  from  shrinkage  by 
exposing  its  outer  surface  in  a  furnace  already  white  hot.  Daring  the 
operation  the  blast  was  directed  above  the  cylinder  and  prevented  from 
direct  impact  by  solid  brick  walls  on  either  side  raised  from  the  floor  of 
the  furnace  to  a  sufficient  height.  A  sketch  of  the  apparatus  used  in 
connection  with  the  furnace  heat  in  effecting  the  removal  is  shown,  Plate 
n.  Bolted  to  the  muzzle  face  of  the  steel  cylinder  are  two  thin  cast- 
iron  cylinders,  which  together  extend  back  8^  feet,  and  are  there  con- 
nected with  a  large  nut  working  on  a  thread  cut  upon  the  tube.  One  of 
these  cylinders  has  flanges,  and  the  frame- work  of  wood  behind  these 
flanges  held  this  outer  portion  of  the  fixture  when  the  tube  was  pulled 
out.  The  openings  A  and  A^  (three  in  number  at  each  place)  were  left 
for  the  insertion  of  a  hose  with  which  to  throw  water  on  the  outside  of 
the  tube,  and  prevent  the  portion  near  the  steel  cylinder  from  becoming 
heated.  However,  very  little  water  was  used  in  this  way,  and  it  is  prob- 
able that  the  open  air  space  alone  prevented  any  considerable  amonnt 
of  the  outside  heat  from  reaching  the  part  of  the  tube  named. 

Bolted  to  the  breech  end  of  the  tube  is  another  cast-iron  cylinder, 
turned  somewhat  smaller  on  the  outside  than  the  interior  of  the  steel 
cylinder,  and  the  latter  rested  upon  this  ^' neck"  when  the  tube  was 
withdrawn.  The  rod  B  screwed  into  the  base  was  used  as  one  of  the 
supports  of  the  apparatus  in  place ;  elsewhere,  the  weight  was  sup- 
ported towards  the  rear  near  the  center  of  gravity,  firom  a  (a^ne,  by 
means  of  which  the  whole  was  put  into  the  furnace.     The  interior  of 

^ A  mercurial  thermometer  was  attached  at  the  top  of  the  furnace  to  indicate  the  tern- 
peratnre  of  the  hot*air  chamber,  but  was  found  unreliable.  The  highest  temperature 
indicated  by  it  during  this  operation  was  440^  Fahrenheit, 
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ixe  neck  opens  into  tbe  bore  of  the  tabe  through  which  a  copious  sup- 
}lj  of  cold  water  was  run  during  the  operation.  The  cylinder  copnected 
IS  shown  iu  the  sketcht  was  turned  from  time  to  time  whilst  under 
leat  by  hand  power  applied  to  the  clamp  near  the  muzzle  end  of  the 
;ube.  The  arrangement  of  water-pipes  enabled  this  to  be  done  without 
[wisting  the  hose.  When  it  was  desired  to  turn  the  tube  alone  a  hand- 
spike was  placed  in  one  of  the  sockets  shown  in  the  periphery  of  jthe 
aat  and  rested  on  the  ground. 

Tbe  steel  cylinder  was  introduced  after  the  furnace  had  been  raised 
to  a  white  heat.  The  following  gives  a  record  of  the  operations  at  the 
furnace: 

Cylinder  pUiced  in  famace ;  5.22 

Blaiit  of  famace  turned  on 5.24 

Cyli Oder  turned  partly  aronnd 5.25 

Cylinder  tnrued  aU  around - ....  6.28 

Atti^nipt  made  to  unscrew  tube 5.29 

Uylioder  tamed  all  aronnd 5.30 

Attem|it  made  to  unscrew  tube 5.32 

Tube  started  and  unscrewed  two  turns 5.35 

5at  detached  by  removing  bolts 5.37 

Tickle  attached  to  muzzle  end  of  tube.. \ 5.38 

TaiM>(with  nut)  palled  out  of  cylinder 5.40 

Whole  apparatus  removed  from  furnace 5. 42 

The  whole  time  occupied  was  twenty  minntes.  The  cylinder  was  ex- 
panded so  that  the  tube  could  be  turned  and  the  cylinder  started  by 
the  aid  of  the  screw-thread  in  thirteen  minutes.  In  five  minutes  after- 
wards the  cylinder  was  entirely  detached  from  the  tube.  After  arrang- 
ing it  a  constant  strain  was  kept  on  the  tackle  attached  to  the  muzzle- 
end  of  the  tubO)  and  heavy  blows  were  struck  with  a  sledge  against  the 
base  at  the  rear  side  of  the  furnace.  On  removal  from  the  furnace  por- 
tions of  The  steel  cylinder  toward  the  breech  end,  which  remained  longest 
iu  tbe  furnace,  showed  a  low  red  heat.  It  was  judged  that  the  maximum 
temperature  of  the  metal  approached  1,000  degrees  Fahrenheit,  but  that 
this  degree  of  heat  was  confined  to  the  outer  surface  of  the  cylinder  was 
api>arent  from  the  fact  that  the  redness  disappeared  almost  immediately. 
After  this  the  cylinder  was  left  to  cool  in  air,  in  a  position,  however, 
which  undoubtedly  affected  its  final  shape.  It  remained  in  a  horizontal 
position,  attached  at  the  muzzle  face  by  the  bolts  shown  iu  the  sketchy 
while  its  breech  end  rested  partly  upon  the  *^  neck"  provided  to  sustain 
it.  In  the  record  of  measurements  to  follow,  the  bolted  end  is  desig- 
nated the  '*  top."  In  the  final  measurements  it  was  found  that  the  coni- 
calness  increased  toward  the  bottom  or  the  end  which  was  inadequately 
snpported ;  also  that  the  greatest  interior  diameters  corresponded  to 
those  measured  vertically  in  the  stated  position  of  the  cylinder  while 
cooling.  I  am,  therefore,  not  disposed  to  attach  great  weight  to  the 
distortion  of  the  bore  as  finally  measured.  To  have  determined  this 
justly  the  cylinder  should  have  been  placed  on  end  on  level  ground,  or 
on  its  side,  and  rolled  over  from  time  to  time  while  cooling,  preferably 
tbe  former,  for  so  short  a  cylinder  as  this. 

The  cylinder  was  dismounted  on  the  third  day  and  finally  measured 
«'\boat  66  hours  after  the  heating. 
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BBOOBD  OF  MBAfiUBBIiKNTS. 


Tablb  I.— /fi<«rior  0/  ike  otool  oylindor. 


1 

OrfgliiAl  diameten. 

Diameton  after  remoral. 

1 

Ultimato  ooatrmBtitam  oa 

dlaoMCota. 

1 

Hori. 
■onteL 

Vertt- 

Heftn. 

Hori- 
sontel. 

Yertl. 
oaL 

Kean. 

Hori. 
aontaL 

▼erti. 
oaL 

Hmb. 

0.15 
8.6 

T.O 
10.5 
U.6 

Indku, 
14.001 
.0005 
.000 
.0007 
.001 

Indku, 
14.001 
.0005 
.000 
.0007 
.001 

14.001 
.0005 
.000 
.0007 
.001 

14  008 
18.008 

OQ4K 

.885 
.8886 

Inche§. 

14000 

13.8806 

.8805 

.9885 

.881 

Ineh$9. 
14001 
18.8888 
.   .8826 
.8818 
.8847 

Inch. 

+0.001 

-0.0085 

—0.0066 

-4.0067 

—0.0086 

Inek. 
+0.001 
-0.001 
—0.0006 
-0.0I8S 
-«.01 

1 

aooo 

0.0017 
0.0078 
0.0008 
0.0081 

Moui 

14  0000 

140000 

14  0000 

13.8970     18.9888 

18.8868 

-0.000 

-0LO0f7 

OLOOISj 

ICeaa  eccentricity,  {  JgRJ"^*^'-^^  J^^ 

^^^*^^"®^a  after  removal 0.0089 

The  above  measurements  were  made  upon  diameters  marked  before 
the  shrinkage.  In  the  following  the  series  of  vertical  diameters  corre- 
spond to  the  position  of  a  vertical  plane  through  the  axis  of  tiie  cylin- 
der while  cooling. 

Tabus  II.— Jutorior  0/  oylindBr  after  romofwl. 


I 

IMamelen. 

Diataaoe  from  top. 

«_ 

Ulttflutt 

0."15 

8.  "6 

7."0 

10.  "6 

18.  "6 

(ATWIfe). 

▼ertleiA 

Herlaoatal 

140035 
13.0870 

14000 
13.8805 

13.8075 
18.087 

18.007 
18.0805 

14000 
18.8B8 

13.88M 
18.8808 

Jae4 

a  001 

0.01(8 

Otfferen4e#r . . . ,  *  ^  -  -, 

0.0005 

0.0005 

0.0105 

0.0105 

0.018 

0.0008 

From  which  it  is  seen  that  the  average  contraction  of  the  cylinder 
in  the  horizontal  direction  (referring  to  position  while  cooling)  was  ten 
times  greater  than  in  the  vertical  direction.  This  shows  that  the  nld- 
mate  eccentricity,  at  least  of  the  cylinder,  was  largely  inflaenced  by 
the  position  while  cooling,  and  an  unfortunate  doubt  rests  upon  the  re- 
liability of  the  whole  series  of  final  measurements,  as  indicating  the  de- 
formation of  the  bore  due  to  the  applied  heat  alone.  The  mean  con- 
tractions (Table  I)  are  least  in  doubt,  yet  it  is  scarcely  probable  that 
their  inequalities,  in  the  direction  of  the  length,  indicate  proportionate 
inequalities  of  heat.  However,  we  note  that  the  mean  contraction  at 
the  circle  of  greatest  contraction  was  0.00d9  of  an  inch,  and  that  the 
Average  contraction  for  the  cylinder  was  0.0048  of  an  inch. 
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OBiaiNAX. 


• 

Distance 
from 
edge. 

Dlameten. 

ATeraire 

Ko.l. 

Ko.  2. 

No.  8. 

Ko.4. 

Heui. 

chiiniEe. 

Onter 

0.25 
0.60 

Jndiet. 
18.703 
.7075 

ImeUt. 
18.703 
.709 

InshM. 
18.7045 
.7075 

JfidUf. 
18.706 
.708 

IndUt. 
13.7041 

.7073 

JmA. 

IviMir  .   . 

Kmhik 

18.7052 

18.7045 

18.706 

18.707 

18.7057 

AFTEB  REliOTAIi. 


Ontor 

0.2S 

0.50 

18.702 
.7075 

18.700 
.7075 

18.704 
.708 

18  704 
.709 

18.7035 
.7080 

-0.001^ 

Inner 

-H).oooa 

Kmum  . .'.   .     

18.7048 

13.7037 

18.706 

18.7065 

13.7053 

-0.0004 

The  changes  in  length  are  small  and  nearly  witbin  probable  errors 
of  measarement,  especially  when  we  consider  the  handling  that  Ihe  fin- 
ished faces  of  the  cylinder  received  in  the  interval  between  the  meas- 
urements; bnt  the  results  indicate  that  the  effect  of  the  heat,  which  was 
greatest  near  the  oatside,  tended  to  contract  the  metal. 

MECHANICAL  TESTS  OF  SPECIMEN  BARS. 

The  records  of  tests  which  follow  give  a  comparison  of  tension  and 
compression  tests  of  the  metal  under  the  three  conditions  already  re- 
ferred to.  All  of  the  specimens  were  detached  from  the  cylinder  or 
part  cylinder,  as  indicated  in  Plate  I,  after  the  metal  had  received  the 
treatment  indicated^  The  original  specimen  ring  was  taken  from  near 
the  middle  length  of  the  cylinder  as  received.  Specimen  ring  G  was 
taken  from  the  middle  of  the  portion  used  for  the  experimental  sec- 
tion 8-inch  breech-loading  steel  rifle,  and  the  records  of  tests  herewith 
of  specimens  taken  from  those  rings  are  copied  from  Table  I,  notes 
on  the  Construction  of  Ordnance,  No.  32,  while  the  positions  of  the 
specimens  are  shown  in  Plate  I  of  that  note.  Specimen  rings  A  and  B 
were  taken  from  either  end  of  the  portion  of  the  cylinder  subjected  to 
the  high  furnace  heat  from  the  former,  which  was  contiguous  to  the 
position  of  the  original  specimen  ring;  tests  by  both  tension  and  com* 
pression  were  made  for  a  complete  comparison  with  the  original  quali- 
ties of  the  metal ;  from  the  latter  tension  tests  only  were  made  to  de- 
termine the  qualities  of  metal  in  this  portion  of  the  cylinder  where 
the  outside  was  observed  to  be  heated  to  a  dull  red  on  removal  from 
the  furnace. 
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TenHon  teats,— fVhUworth  steel  oyliniw  (oU  tempered)  received  for  experimeuttU purp^tn 

length,  and  OJiSo  iqtert 


ORIGOrAL  QCaU 

[Sp«eiae« 


Extensions  per  incli  of  length. 


Msrks  of  specimens. 


(Ortj^ioal  specimen  ring.) 
H.  tang,  outside,  3".0 


I.  tang,  middle,  3".0. 


J.  tang,  inside,  3".0 


P.  radial,  «".0. 
B.  ladial,  2".0. 


0. 0013  0. 00185 


0.0014 


0.00145 


a  0015 


0.00165 


o.mi6  Qinifi 


Load  per  sqnare  inch  of  cross-section. 


Means 


Lb9. 

47, 000 

Lbs. 

46,250 

Lbs. 
49.500 

Lbs. 
51,500 

45,000 

46,500 

48,000 

40,250 

40,000 

42,600 

44,000 

45,500 

42,000 
42,500 

43,600 
44,000 

45,000 
45,500 

46.000 
47,600 

44,125 

44,050 

46,400 

47,050 

Lbs.    '    Lbs.   I    Lbs.   '    Lit. 
53,000     54,500  155,500    5e.5« 


50,000     51«500     52,800' 

i 

47,000     48,250  ,  40,000  I  50,5M 


47,500     40,000     50.500  :  S2.«> 
49.000  I  50,000     51,000  ! 


49.300 


50,650     51.760 


QUALITIES  AFTER  REMOVAL  (BY  CUTTING)  FBOX 

[Specm^u 


(Specimen  ring  C.) 


J},  tang,  oatsido,  8".0 

Ji.  tang,  middle,  8''.0 

Js.  tang,  inside,  3".0 '. , 


Means 

Mean  loss  percentage  of  original 

qualities. 
Mean  gain  percentage  of  original 

qualities. 


41,000 
47,000 
41,000 


42,760 
48,500 
41,750 


43.000 
2.55 


44,335 
L4 


45,000 
60.000 
43,000 

46,000 
0.86 


46,500 
50,500 
45,500 


47,500 
0.04 


48,000 
51.000 
47.000 


48.500 


48,065  t 
1.3 


49.500    ^,M 


QUALITIES  AFTER  REMOVAL  FROM  SHRDTSAGE  BI 


(Specimen  ring  A.) 

H.  KX.  tang,  outside,  3".0 

I.  xx.  tang,  middle,  S'^.O 

J.  KX.  tang,  inside,  8".0 

Means 

Mean  loss  percentage  of  original 

qualities. 
Mean  gain  percentage  of  original 

quaUUes. 

(Specimen  ring  B.) 

H.  BZi.  tang,  outside,  3''.0 

J.  BZi.  tang,  inside,  8".0 

K.  KZs.  tong.  outside,  3''.0 

J.BZs.  tang,  inside,  3".0  

Means 

Mesa  loss  percentage  of  original 

qnalities. 
Mean  eaia  percentage  of  original 


42.000 
48,320 
38,000 


41,105 
6.8 


48,750 
45,000 
41,666 


48,750 


48.540 
L82 


43,500 
44.580 
39,500 


42,525 
5u4 


45.600 
46.500 

48,000 


45,500 


46,125 
0.88 


45,500 
46,000 
41,250 


44,250 
4.6 


47,000 
48.000 
46,000 


47,000 


47.600 


L29 


47.600 
47,250 
43,125 


45,056 
4.2 


47,750 
40.260 
47,500 


40,000 
48,000 
46,500 


47,506 
8.7 


40,750 


47,260 


40,000 
50,000 
40,000 


50,500 

61,850 
50,600 


51,000    52.5N 

48,000'  iisoi 

I  I 


51,500 
691000 
S^OOO 


53, 1« 
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«<  Weti  Foimi  fcundrg  J^ne  13,  1884|  tangential  and  radial  $pe^M6n$,  3  and  2  ineket  i» 
inckj  eroM-MdioJi, 


TIBS  OF  IfXTAL. 
rkedJi.Ja.Ji.] 


0.0017  0.00175        a 


58,000     59,500 


£.000     53,500 


53.000 


4i 

a 

.S 

1 

Bxtenalon  per 
Unit. 

• 

Extension  per 
inch  after  rup- 
tnre. 

Reduction  in  area 
after  mptnre. 

1 

o 
3Q 

Hardness. 

60,800 

52.800 

59,700 

53.000 
51.000 

Indut. 
0.0018 

0.0016 

0.0020 

0.0017 
0.0016 

Lbt, 

104,000 

93.280 

97,000 

100,660 
91,600 

P^eL 
2L0 

20.0 

17.3 

12.0 
20.0 

Perct. 
44.6 

36.4 

36l4 

11.8 
36.4 

7.8601 

ia88 

20.93 
21.29 

55^472 

0. 00174 

97,288 

18.06 

33.1+ 

7.8601 

20.87 

Remarks. 


After  60, 600  stretched  rap- 
idly and  load  feU  to 
67,000. 

After  52,800  stretched  rap- 
idly and  load  fell  to 
50.000. 

After  69.760  stretohed  rap- 
idly and  load  feU  to 
56^000. 


BXPERDCEKTAL  SECTION  8-INCH  B.  L.  STEEL  RIFLE. 


iBsrked  J*,  Jt,  Js.] 


6:,ooo 


58,500 


49,000 
51,000 
59.000 


53,000 

4.5 


0.00158 
0.0015 


88,160 
95,400 


0.00203107.140 


a  00109 
fL9 


96,900 


0.4 


25.0 

21.67 

15.0 

22.51 
18.19 
19.89 

20.66 

29.03 
9.2 

18.8 

APPLICATION  OF  A  TERT  HIGH  FURNACE  HEAT. 


51000 

55,000 

48,000 
57,000 

• 
0.00173 

1  an  AMI 

19.67 
24.00 
17.33 

4L9 
47.2 
24.6 

f  Fallnre  of  specimens  af- 
ter passinic  elastic  limit 
not  BO  marked  as    in 

a  0015     00, 040 
a  00193 104, 200 

51.000 

52,560 

either   of   the    above 

t    oases. 

1 

'51.380 
8.86 

0.00172  00-400 

20.38 

87.9 

LI 

2.17 

12.56 

145 

64,000 

55,600 
97.500 

67,000 
60,000 

0. 001883 

100  1M 

21.0 

17.67 

22.88 

17.67 

44.6 
24.6 
89.2 

89.2 

M,000 

<L  aoion  ifM.  100 

61,068 

58,000  |0. 001688 
47,000  0.001400 

93,040 
98.160 

FUled  rmldly  vnderload 
of  56.000  ponnds  per 
square  inoh. 

54,250  'A-OOiflDQ 

97,620 

19.67 

86L9 

2.20 

2.85 

0.84 

8.91 

1L45 
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Comj^euion  tettt. — WhUtowih  »teel  CjfUnder  (aU-tempered)  r€eei9€dfar  mpenmtmkU 


aaXODKAXs  QUAU 


H«rk8  on  ipeolmeDs. 


(Orlgiiial  •pecimen  ring.) 

L.,  tftngentia]  ontaide,  5.0  inch 

K.,  ten^ntUl  Inside,  5.0  inch 

li.,  ndlal,  4.0  inch 

K.,T»dlal,  4.0  inch 

Mmum 


0.0013 


CompnuioD  two  per  in^ 


0.00185 


0.0014 


a  00145 


0.001S 


0.00i» 


Load  per  eqixave  inoh  of 


Lbs. 
44,000 

45,325 
46,000 
43,500 
42,500 

Lbs. 

46,000 
47,000 
45,500 
45^000 

Lbi, 

47,000 

4N000 

47.600 

46,250 

LbM. 

49,000 
50.000 
48^325 
47,000 

1     Lkt. 

44,000 
42,000 
40.500 

52;  000 
48^835 

47,500 

42,625 

44,330 

45.875 

47,190 

48,500 

QUALITIES  AFTBR  RBMOYAL  (BY  CUTTOTO)  FBOU 


(Spedmoi  xlng  C.) 

O  Ji,  tangential  outside,  5.0  inoh. 
O  Ji,  tangential  oatside,  5.0  inch. 
O  Ji,  tangential  oatside,  5.0  inch. 


Means 

Mean  loss  percentage  of  original  qnalities. 
Mean  gain  percentage  of  original  qdalities. 


46,000 
42,000 
87,860 


41.055 
1.6 


48,000 
43,000 
89,285 


43,430 
2.0 


49,500 
44,000 
41,000 


44,865 
2.2 


51,000 
45,000 
42,500 


46,165 
2.17 


62,000 
46^000 
44*000 


47,835 
2.55 


I 


53. 540 

47. 7« 
40^009 


40^085  1 


:i 


QUALITIES  AFTER  BEMOTAL  FROM  SHRINKAGE  B7 


(Specimen  ring  A.) 

L.  iz.,  tangential  outside,  5.0  inoh 
K.  BX.,  tangential  ineide,  5.0  inch . 

N.  BX.,  radial,  3. 94  inoh 

P.  BX.,  radial,  3. 94  inch  


Means...... , 

Mean  loas  percentage  of  original  qn^ities. . 
Mean  gain  pnoentsge  of  original  qualities. 


43,333 
46,000 
42,500 
43,333 


43,541 


2.14 


45,000 
46,875 
43,750 
45,000 


45,031 


46,666 
47.750 
45.000 
46.833 


L58 


46,562 


L47 


48,333 
49,125 
46,250 
N48,666 


48,093 
'l91'" 


50,500 
50,500 
47,500 
60,500 


48.750 

ass" 


52,000 

52,000) 

48.756 

52,5e0\ 


51,313 
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pot9$  •<  W<Bit  PoM  Fomt^t  Jv^fM  13, 1884.    TangwHal  and  radial  9pecimmu  5  and  4 
TIBS  OF  HXTAL. 


«f  length. 

4 

a 

1 

5 

1 

Is 

1 

TTltimate 
•ttength. 

• 

aooie 

0.00105 

0.0017 

0.00175 

JUmiirtfc 

MOtiOB. 

IM. 

LU, 

LU 

Lb§. 

49,000 
50,000 
57,000 
54,000 

JmMm. 
0.0015 
0.001775 
0.0018 
0. 001788 

Lb§, 

lUpid  deflection  at  60,000. 

'si«90        58,500 
SO.  S>i0        52. 500 

66k  000 
54.000 
53,000 

50,000 
56,250 

(.... 

SApSd  defleotion  at  00,000. 

40, 000         51-  SOO 

QtkTt  soddenly  at  64,000, 

........ 

... 

54,760 

0.001702 

1 

1 

XXPXBIHXNTAL  8SCTI0K  8-INCH  B.L.8TSEL  BITLB. 


5&000 

60.000 
51,000 
49,000 

57,000 
58.000 
50,000 

57,000 
56,000 
58,000 

0.0017 

0.001825 

0.00106 

88.700 
87,840 
87,020 

\  Triple  flexure ;  bent  180^  without 
>     fracture. 
Triple  flexure. 

20,000 

47.900 

58,500 
51,500 

90,835 

52,000 

53^000 

60, 065 

0.001825 

88,175 

3.5 

7.2 

APPLICATION  OF  A  YXBY  HIOH  FTJBNACE  HEAT. 


SS.0OO 
HMO 
90.000 

54,000 

65^000 
51,000 

55,000 
60,500 
52,000 

65,500 
58,000 
63,000 

67,000 
01.000 
53,000 
54,000 

0.00185 
0.00185 
0.00175 
0.00160 

89,200 
102.100 
101,600 
101,600 

60,250 

0.001762 

96,625 

2.73 

3.58 

Triple  flexure. 
Do. 
I>o. 
Da 
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In  the  tension  and  compression  tests  from  original  specimen  ring  (speci- 
men ring  A)  we  have  a  fair  exhibit  of  the  effect  of  the  high  furnace  beat 
upon  the  qualities  of  the  metal.  Under  the  tension  tests  there  is  an  ap- 
preciable loss  of  elastic  strength,  but  there  is  a  gain  in  ultimate  strength 
and  ultimate  extension  and  a  greater  reduction  in  area  after  reptm^ 
Under  the  compression  tests  there  is  a  gain  throughout,  and  the  specimens 
stood  better  after  passing  the  elastic  limit.  It  must  be  remembered, 
moreover,  that  there  should  have  been  expected  a  certain  loss  of  elastic 
atrength  in  the  metal  under  tension  tests,  due  to  the  fact  that  the  cyl- 
inder was  in  an  intermediate  stage  subjected  to  shrinkage  upon  the 
'wrought-iron  tube.  The  tension  tests  from  specimen  ring  B  show  a  very 
filight  variation  &om  the  original  qualities,  but  rather  a  gain  than  a 
loss.  This  ring  being  remote  from  the  original  one  does  not  justify  a  di- 
rect comparison  of  the  results,  yet  these  specimens  were  taken  from  the 
extremity  of  the  cylinder,  which  was  exposed  to  the  greatest  heat  of  the 
furnace,  and  where  the  surface  of  the  metal  was  heated  to  a  dull  red. 

In  regard  to  the  principal  object  of  the  experiment,  therefore,  it  may 
be  stated  that  the  qnality  of  tempered  Wbitworth  gun  steel  is  not 
seriously  injured  by  subjecting  the  metal  to  a  very  high  furnace  heat 
for  a  brief  period ;  or,  to  be  more  explicit,  the  quality  of  the  metal  in  this 
case  was  not  injured  by  the  white  heat  of  a  furnace  applied  a  sufficient 
length  of  time  to  raise  the  outer  surface  of  the  metal  to  a  dull  red  heat 

On  the  other  hand,  this  experiment  shows  that  it  cannot  be  expected 
to  preserve  the  original  dimensions  of  the  bore  of  the  cylinder  under  sach 
circumstances.  The  deformation  of  the  bore  may  probably  be  rega- 
lated  to  a  certain  extent  by  the  position  of  the  cylinder  whilst  cooling, 
yet  a  considerable,  if  not  an  unequal,  amonnt  of  contraction  may  be  an- 
ticipated throughout  the  bore.  In  cases,  therefore,  which  arise  in  prac- 
tice, where  it  is  desired  to  reassemble  the  cylinder  in  the  same  place 
fi^m  which  it  is  removed  from  shrinkage  by  the  application  of  a  high 
furnace  heat  (or  other  heat,  such  as  molten  cast  iron)  it  is  recommend- 
ed that  the  cylinder  should  be  reassembled  at  the  same  heat,  or,  if  this 
is  not  expedient,  that  it  should  not  be  allowed  to  cool  until  such  a8sem- 
blage  is  made.  By  this  means  the  deformation  of  the  cylinder  will  be 
prevented,  and  in  the  final  shrinkage  the  heated  fibers  will  adjust  them- 
selves (having  lost  little,  if  any,  of  their  original  strength)  under  the 
resistance  offered  by  the  interior  body  upon  which  the  cylinder  is 
shrunk.  In  all  cases  it  is  understood  that  the  heating  of  the  metal 
should  be  made  as  nearly  uniform  as  possible  throughout  the  cylinder. 
Very  respectfully, 

E.  BIBNIB,  Jb., 
Lieutenant  of  Ordnance. 
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AS y UAL  REPORT  OF  CAPT.  D,  A,  LYLE,  mSPBCTOR  OF  ORDNANCE  AT 
THE  SOUTH  BOSTON  IRON  WORKS,  BOSTON,  MASS,,  FOR  THE  TEAR 
ENDED  JUNE  30,  1»85. 

(1  plate.) 

The  Ghibf  of  Obdnanoe,  U.  S.  Abhy, 

WoBhington^  2>.  0. : 

Sib:  I  have  tbe  honor  to  sabmit  the  following  report  apon  the  oper- 
ations undertaken  for  the  Ordnance  Department,  U.  S.  A.,  by  the  Soath 
Boston  Iron  Works  during  the  fiscal  year  ending  June  30, 1885. 

During  this  period  the  fabrications  given  in  the  subjoined  list  have 
been  undertaken  or  have  been  in  progress. 

L\9t  of  fabricaiionB, 


Orders  or  contimets  for 
Ikbrlootlon. 


Tj  nflnbbed  at  boginniof  of 
flualyoAT. 


EMtiTtd  daring  the  UmaI 
year  ending  Jane  80, 1885. 


Date  of  ordm 
or  contract. 


JolyH,  t883 
Sept  10,  1883 

Sept.  24,  1888 


Dec.  12,  1883 
Apr.  2.  1884 
Jane  80,  1884 

Jane  30,  1884 

Jane  30,  1884 
Jane  80,  1884  ) 
Apr.  23,  1885  5 
▲ac.l5,  1884 

Aaic.28.  1884 
KoT.28.  1884 

Dec.  1.  1884 
Jan.  9,  1885 
Jan.  SO.  1886 
Apr.  8.  1885 
H«r.  17,  1885 


Fabriontion. 


1.  Conversion  of  one  8.5-incb  Mann  B.  L.  R.  from  a  lO-lnoh 
Rodman  S.  B.  gnn. 

2.  Con  veraton  of  one  8-inch  Yatea  B.  L.  R.  from  a  lO-inch 
Rodman  S.  B.  gan. 

Caat>f ron  bodiea  for : 

One  12-inch  M.  L.  mortar  hoop«d  with  ateeL 
One  lO-inch  wire-wrapped  B.X.  B. 
One  124Dch  caat-iron  B.  L.  R. 
One  12-inch  B.  L.  R.  hooped  and  tabed  with  ateaL 
One  12-inch  B.  L.  R  with  wire^woond  ateel  tnbe. 
500  aolid  ahot  for  15-iuch  Rodman  S.  B.  ffana. 
Experimental  cylinder  for  12-inch  H.  L.  R.  mortar. 
Finiahing  and  aaaembling  12-inch  M.  L.  R.  mortar. 


8. 

4. 
5. 
6. 
7. 

a 

9. 

10. 


11.  Finiabinit  and  aaaembling  12-inoh  B.  L.  R  hooped  and 
tnhed  witn  steel. 

12.  Finiahing  and  aaaembling  12-inoh  tabed  riflea. 

13b  Experimental  cyltoder  for  12-inoh  B.  L.  &  hooped  and 
tnhed  with  ateel. 

14.  Teat  apeoimens  from  experimental  oylinder  for  12- 
inch  mortar  after  onhooping. 

15.  Teat  apeolmena  from  12  inch  oaat-iron  B.  L.  R. 

1&   Wooden  model  for  12-inch  oaat-iron  B.  L.  R.  for  obtain- 
ing center  of  gravity. 

17.  1,000  8-inoh  Bntler  chilled  ahot. 

18.  Wooden  modela  for  8  and  10  inch  B.  L.  R.,  ateaL 

19.  60  8-inch  Batler  aabota  for  B.  L.  projeotilea. 

20.  10  8-lnch  Bntler  ahilled  ahot. 

21.  4  8-inch  Wlnalow'a  nitro-glyoerine  shall  (for  Ordnanoe 
Board). 


Of  the  above  list  the  following  numbers  have  been  completed  and 
special  reports  already  made  to  the  Ordnance  Office,  viz:  Nos.  1, 2, 3. 4, 
b,  8, 9, 10, 13,  14,  15,  16, 17,  18,  19,  20,  and  21. 

The  unfinished  work  at  the  close  of  the  fiscal  year  comprises  Nos.  6| 
7, 11,  and  12,  relating  to  the  12-inch  hooped  and  tubed,  and  to  the  12- 
inch  tubed  B.  L.  rifles. 
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In  addition  to  the  reports  noted  above,  Lieut.  H.  D.  Borap,  Ordnance 
Department,  U.  S.  A.,  asslBtant  inspector  of  ordnance,  has  made  and 
submitted  exhaustive  reports  upon  ^^  The  Use  of  Petroleum  as  Fuely^and 
the  <'  Hotchkiss  Bevolving  Gannon." 

I.-12.INCH  HOOPED  AND  TUBED  B.  L.  R. 

1.  The  cast-iron  body. 

The  body  is  ready  for  the  reception  of  the  steel  tube.  The  interior 
cavity  for  the  tube  is  counterbored  to  the  finished  size  and  the  screw- 
thread  at  the  breech  has  been  cut.  The  bore  in  front  of  the  tube  has 
been  reamed  up  to  a  diameter  of  11.95  inches,  or  0.05  inch  less  than 
the  finished  bore.  The  remaining  .05  inch  will  be  finished  simulta- 
neously with  the  bore  of  the  tube. 

Since  the  body  has  to  be  placed  muzzle  downward  in  a  pit  for  the  in- 
sertion of  the  steel  tube,  a  cylindrical  mass  has  been  left  on  the  muz- 
zle for  the  gun  to  rest  upon  in  the  pit  and  to  secure  a  larger  bearing-sur- 
face at  the  muzzle.  To  prevent  injury  to  the  exterior  surfiooe  firom  in- 
dentations or  any  accident  in  handling  during  the  tubing  operations  an 
excess  of  metal  has  been  left  upon  the  body,  as  follows : 

1. — ^Ghase-diameter  0.9  greater  than  finish  size. 

2. — Shoulder  in  front  of  hooping  about  1  inch  too  long. 

3. — Hooping  surface,  diameter  0.6  inches  greater  than  finish  size. 

2.   Whittcorth  steel  tube, 

t 
This  tube  was  received  from  Sir  Joseph  Whitworth  &  Co.  February 

9, 1885.  It  has  been  bored  to  a  diameter  of  11.9  inches  and  rough 
turned  to  within  0.5  inch  of  the  finished  diameter.  The  company  are 
awaiting  the  results  from  the  experimental  cylinder  and  the  determina- 
tion of  the  shrinkages,  in  order  to  proceed  with  the  finished  turning  of 
the  exterior  of  the  tube. 

3.  3Iidvale  steel  hoops. 

All  the  hoops,  except  two  not  yet  received  from  Midvale,  are  bored 
and  faced,  and  are  ready  for  application. 

4.  Breech  mechanism. 

The  several  parts  composing  the  breech  fermature  are  completed,  ex- 
cept the  fi.nal  fitting  and  some  alterations  ordered  after  the  parts  were 
nearly  finished. 

II.— 12.INCH  B,  L.  RIFLE  WITH  WIRE-WRAPPED  STEEL  TUBE. 

1.  The  wire-wound  steel  tube. . 

The  tube  was  made  by  Sir  Joseph  Whitworth  &  Go.,  and  has  been 
sent  to  Watertown  Arsenal  to  be  wound  with  wire  and  prepared  for  in- 
sertion. 

2.  The  steel  breech  bushing. 

This  is  to  be  screwed  in  to  hold  the  steel  tube  in  place  and  to  pro- 
vide a  seat  for  the  French  interrupted  screw  fermature.  It  has  been 
rough- turned. 
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3.  Breeds  meohanUm. 

The  several  parts  of  this  mechanism  are  nearly  completed  and  are 
ready  for  final  fitting. 

4.  The  east-iron  body. 

Two  castings,  hreech  down,  have  been  made  for  the  body,  both  of 
which  have  b^n  rejected.  The  company  are  preparing  to  make  a  third 
casting,  breech  np,  the  Ghief  of  Ordnance  having  granted  permission 
Id  employ  that  method  for  this  casting. 

• 

6.  First  easting^  12-i'ncft  tubed  B.  L.  rifle. 
The  first  attempt  to  cast  the  12-inch  tnbed  rifle  was  made  Jnly  9, 1884. 

(a)  FS»mae$  €karge$, 
(Siobmoiid  iron  osftd.] 


Gndeof 
iron. 

FoniAceA. 

Ko.l. 

Ko.2. 

No.  8. 

Total. 

Ko.9 

Ko.8,eoft  .. 
No.  8,  hard*. 
AASMlted... 

TotAl.... 

Poundt, 
18,008 
17,068 
21,996 
26, 666 

Poundt. 
13,008 
17.068 
21,998 
26^666 

80,000 

Poundi. 
13,008 
17.668 
21.908 
26, 666 

Poundi, 
41,004 
53,004 
OS.  994 
79.996 

80,000 

80,000 

240,000t 

*ClAeiied  At  this  fonndrr  ••  Ko.  4  RIdhraond. 
tSqnal  to  107.1  ton*  of  2,240  tons  of  eaoh. 

(b)  Coal  used. 

The  quantity  of  coal  used  in  melting  was  not  given  by  the  company, 
but  it  is  presumed  that  it  amounted  to  about  45  or  60  tons.  The  former 
qnantity  was  reported  by  the  company  as  used  in  melting  the  iron  for 
the  fiecond  casting,  which  contained  6,000  pounds  more  metal. 

(o)  Detaili  of  melUng  <iud  oMting, 


E 

Melted  iron  out 
of  faruAoe, 
Jnly  9, 1884. 

TnTBaet, 

1^ 

Time  in 
Jnly  9 

1^ 

p.m. 

a.fn. 

h.  tn. 

0.  m. 
12.12 

p.m. 

Ho.! 

9.30 

9 

8  12 

12.22 

M<fc2 

&15 

9 

8  10 

12.10 

12.25 

Vo.» 

9.30 

• 

320 

12.20 

12.40 

Water  tuned  on  in  oore-bArrel  at  12.11  p.  to.  Joly  9, 1884. 

Xold  filled  at  12.40  p.  m-JnW  9,  18M. 

Time  oeonpied  in  casting.  28  minotee.  o 

TemperataTeofwAter  entering  oore>lMMrrel  at  12.40  p.m... 70 

TtBpantoreof  WAterleATlngoore-bArrelatl2.40p.m IOq 

Diffarenee • 86 

Ilaak  barat  between  1  p  m.  and  1.30  p.  m.  July  9, 1884. 
Carting  lost  Jnly  9, 1884. 
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6.  Loss  of  first  casting. 

The  metal  was  all  poured  by  12.40  p.  m.  Aboat  1^  p.  m.  the  third 
section  of  the  flask,  estimating  from  the  bottom,  broke,  and  allowed  the 
molten  metal  to  escape  and  flow  ground  the  lower  part  of  the  flask 
and  fill  the  bottom  of  the  pit.  In  its  downward  rush  the  swash  of  the 
metal  strack  the  month  of  one  of  the  air-flues  in  the  side  walls  of  the 
pit,  and  threw  a  jet  of  molten  metal  to  the  roof  of  the  foundry,  setting  it 
on  fire. 

The  fire  destroyed  the  roof  and  charred  the  rafters,  joists,  and  the 
wood  work  of  the  large  cranes.  The  damage  by  fire  was  inconsiderable, 
and  was  covered  by  insdrance.  I  understood  at  the  time  thai  the  in- 
surance company  or  companies  repaired  the  damaged  buildings  them- 
selves without  expense  to  the  South  Boston  Iron  works.  On  July  26 
the  mass  had  cooled  down  sufficiently  for  examination,  and  it  was  fouod 
that  the  third  section  from  the  bottom  had  been  ruptured.  On  July  30 
^see  my  letter  to  Chief  of  Ordnance  bearing  that  date)  Mr.  Wood,  the 
loreman  in  the  ordnance  foundry,  reported  to  me  that  he  believed  the 
rupture  was  due  to  the  breaking  of  the  clamps  on  the  third  section, 
and  that  part  of  one-half  of  thiid  section  of  flask  has  broken  diagon- 
ally, due  to  the  pressure  of  the  iron.  Upon  inspection  his  opinion  ap- 
peared to  me  to  be  reasonable.  The  broken  part  of  the  half  section 
appeared  to  have  given  away  at  the  bottom  of  the  section  (t^ird),  and 
been  bent  outwards,  rupturing  the  half  section  diagonally  and  per- 
mitting the  iron  to  escape.  This  portion  of  the  flask-section  was  found 
with  its  convex  side  turned  upward,  thus  indicating  that  it  had  given 
way  first  at  the  bottom.  The  clamps  were  probably  old — some  made 
of  cast  iron  and  some  of  wrought  iron, 

A  clamp  might  have  been  cracked  slightly  before  it  was  put  on,  and 
might  not  have  been  noticed  even  by  the  most  careful  workman.  As 
the  flask  held  for  one  and  a  half  hours,  it  is  not  improbable  that  the  ex- 
pansion due  to  the  heat  may  have  had  something  to  do  with  the  break- 
ing or  slipping  off  of  the  clamps,  if  that  was  the  cause  of  the  accident 

At  first  I  attributed  the  accident  to  weakness  of  the  flask  and  the 
heavy  head  of  molten  metal,  but  on  further  reflection  I  am  inclined  to 
the  opinion  that  one  or  more  of  the  clamps  must  have  given  way.  I  am 
informed  that  the  b  eakiug  of  clamps  had  occurred  in  former  years. 

!No  person  can  state  positively  the  exact  cause  of  the  disaster. 

The  company  informed  me  that  they  were  going  to  make  the  new 
sections,  to  replace  those  lost,  with  walls  3  inches  thick  instead  of  2} 
inches. 

Nearly  all  of  the  core-barrel  was  saved. 

The  jet  of  melted  metal  that  ignited  the  roof  knocked  off  ttie  hose 
that  supplied  the  core-barrel  with  water,  so  that  not  more  than  4,000 
gallons  of  water  had  been  expended. 

The  molten  metal,  after  escaping  from  the  ruptured  section  into  the 
pit,  surrounded  the  lower  sections  of  the  flask,  and  melted  the  whole 
together  so  as  to  form  a  solid  mass  in  cooling. 

The  casting  formed  a  huge  oheese-like  disk  in  the  bottom  of  the  pit,  and  waB  veiT 
difficult  to  remove.  It  was  about  10  feet  in  diameter,  7  or  8  feet  tmck,  and  weighed 
about  140  tons.* 

The  time  between  July  26  and  September  1  was  employed  by  tiie 
company  in  making  preparations  to  raise  the  mass  from  the  pit.    The 

*<'  Casting  of  heavy  guns  at  South  Boston,**  by  Capt.  D.  A^  Lyle.  (See  *<  Abetrael 
of  Proceedings  of  Society  of  Arts  of  Massachusetts  Institute  Technology,"  lSdi-lSd5, 
p.  93. 
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first  attempt  was  made  September  4,  1884^  bat  the  mass  was  not  clear 
of  the  pit  until  some  time  during  the  week  ending  October  4, 1884. 

7.  Larraway^s  method  of  hoisting  mass  from  pit 

(Plato  I.) 

V 

The  remoTal  of  this  mass  from  tho  pit  was  a  difficult  nndertaklng.  Mr.  Lairaway, 
a  Tery  able  mechanical  engineer,  wno  is  soperin tending  the  construction  of  some 
barrel  machinery  at  the  foundry,  conceived  the  idea  of  applying  the  pumps,  or  rams, 
of  his  hydraulic  presses  to  raise  it  from  the  pit.  To  do  this  he  constructed  two  side 
frames,  each  consisting  of  a  ground  sill  and  tour  uprights,  with  a  tie-beam  at  the  top, 
all  of  heavy  timber.  These  were  set  up  one  on  each  side  of  the  pit.  Upon  these  sia^ 
frames  four  simple  wooden  trnsses  were  placed,  each  carrying  three  2|-inch  wreught- 
iroD  suspension  rods.  Each  truss  was  trapezoidal  in  shape,  and  had  two  struts,  in> 
dined  in  OBposite  directions,  to  supjiort  the  middle  point  of  the  upper  or  compression 
member.  Tne  twelve  snspension  rods  were  composed  of  enough  sections  to  reach 
from  the  bottom  of  tlie  pit  to  the  tops  of  the  truases.  The  upper  sections  of  each  rod 
had  a  screw-thread  cut  on  their  surfaces  for  about  twelve  feet  of  their  length.  Holes 
wers  drilled  in  the  mass  of  metal  and  screw-bolts  inserted,  to  which  the  rods  were 
made  fast. 

Three  rods  on  each  side  passed  up  through  the  side  trusses,  and  the  nuts  on  the 
ends  enabled  the  workmen  1^  follow  up  and  hold  any  lift  made  by  the  two  middle 
tnsees  and  their  rods,  which  did  the  hoisting.  The  middle  trusses  had  three  sus- 
peosion  rods  each,  made  fast  to  the  mass  of  iron  in  the  pit,  and  were  raised  bodily  by 
the  pistons  of  the  two  hydraulic  presses  placed  immediately  under  the  opposite  ends 
of  the  trusses.  The  pressure  was  transmitted  from  the  pistons  to  the  trusses  by 
mMsive  blocks  of  timber. 

A  small  Baxter  engine  furnished  tlie  power  to  drive  the  steam-pump  that  forced  the 
water  into  the  hydraulic  presses.  When  the  middle  trusses  had  been  raised  a  vertical 
distance  equal  to  the  stroke  of  the  piston,  the  strain  was  thrown  on  the  side  trusses 
and  ttieir  ix>ds,  the  middle  trusses  lowered,  the  nuts  on  their  rods  being  screwed  down 
at  the  same  time  to  maintain  a  bearing.  A  new  hold  was  then  taken  and  the  action 
repeated  until  the  mass  was  lifted  to  a  distance  equal  to  the  length  of  one  sestion  of 
the  Buspension  rods.  One  section  at  a  time  was  removed  consecntively  from  each  rod, 
and  when  all  was  ready  the  lifting  was  repeated  in  the  same  manner  as  before,  until 
the  mass  of  iron  was  hoisted  clear  of  the  pit.  It  was  then  transported  on  rollers  to 
the  yard,  where  it  still  remains.* 

Plate  I,  appended  to  this  report,  gives  a  side  and  end  elevation  of  the 
apparatus  used  by  Mr.  Larraway  in  raising  the  metal  from  the  first 
casting  from  the  bottom  of  the  pit,  and  the  method  of  its  applicatioUi 

This  unwieldy  mass  contained  the  metal  from  three  sections  of  the 
flask  and  the  sand  of  the  mold,  besides  the  metal  pertaining  to  the  gan» 

8.  Second  casting  {12  inch  tvbed  rifle). 

The  second  casting  for  the  12-inch  tubed  B.  L.  Bifle  was  made  December 
23, 1884.  The  details  relating  to  furnace  charges,  melting,  casting,  and 
the  cooling  table  are  appended,  marked  Table  I. 

This  casting  (weight  109.5  tons)  was  cooled  in  140  hours,  daring  which 
time  31,121  cubic  feet  of  water  passed  through  the  core  barrel  and  gun. 
For  the  12-inch  cast-iron  B.  L.  rifle  (weight  108  tons)  157^  hours  were 
required  for  cooling  and  an  expenditure  of  44,234  cubic  feet  of  water. 

The  metallurgic  conditions  appeared  to  be  more  favorable  than  with 
either  of  the  other  guns,  and  the  iron  was  poured  at  an  apparently 
satisfEMstory  temperature. 

The  fracture  of  the  ^'  test  sticks  "  from  two  of  the  furnaces  appeared 
a  UtUe  harder  and  more  ciystalline  than  was  desired,  but  this  appear- 
ance was  attributed  to  the  rapid  chilling  in  the  wet  sand,  and  it  wa» 

'Casting  of  heayy  gnn  at  South  Boston^  by  Capt  D.  A.  Lyle.  See  **  Abstract  of 
Proceedings  of  Society  of  Arts  of  Massachusetts,  Institute  Technology/'  1884-1855,  pp» 
93,94. 
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believed  that  tbe  large  castiag  woald  show  aboat  the  qualities  desired. 
The  method  of  using  test  sticKs  is  only  valuable  as  an  approximate  in- 
dex of  the  working  of  the  furnaces  in  the  hands  of  an  experienced  for^ 
man,  who  can  judge  of  the  condition  of  melted  iron  by  comparison,  firom 
the  knowledge  obtained  in  previous  trials  with  the  same  iron. 

It  is  a  very  rough  method  at  best,  but  it  is  the  only  one  available  ia 
such  work,  on  account  of  the  rapidity  and  ease  with  which  such  tests 
may  be  made. 

The  casting  was  hoisted  from  the  pit  by  February  14, 1885|  and  was 
placed  in  the  lathe  during  the  week  ending  March  7, 1885. 

As  far  as  external  appearances  went,  the  casting  seemed  to  be  a  good 
one. 

9.  Cooling  the  easting. 

The  Bodman  system  of  cooling  from  the  interior  consists  in  having 
an  axial  core  barrel,  through  which  cold  water  is  circulated  to  carry  ofi 
the  heat  firom  the  inside  and  cause  the  melted  metal  near  the  bore  to 
harden  in  concentric  cylindrical  layers,  beginning  on  the  inside  and  ex- 
tending gradually  toward  the  exterior,  thus  bringing  a  strain  of  com- 
pression upon  the  layers  nearest  the  surface  of  the  bore.  To  fistcilitate 
this  operation  and  secure  reasonable  uniformity  in  the  oooling,  it  is 
necessary  that  the  exterior  of  the  mass  of  metal  he  retained  in  a  molten 
state  as  long  as  possible,  in  order  to  allow  time  for  the  interior  layers 
to  cool  consecutively  and  ^^  set." 

In  order  to  preserve  this  molten  state  for  the  exterior  as  long  as  po9« 
sible,  a  fire  is  built  in  the  bottom  of  tbe  pit  around  the  flask,  to  keep 
the  flask  and  the  air  in  the  pit  around  the  casting  hot.  Just  enough 
draft  is  permitted  to  keep  the  fire  burning.  The  top  of  the  pit  is  cov- 
ered to  regulate  the  draft  and  keep  in  the  heat. 

The  contract  (of  September  24, 1883)  provides  that — 

AU  these  caetinffs  shall  be  made  hollow  and  be  cooled  from  the  interior  (except  u 
hereinafter  provioed  for  *)  by  a  current  of  air  or  water,  the  exterior  at  the  same  tioe 
beioe  kept  hot  either  by  a  fire  built  around  the  flask  within  the  casting  pit*  or  by  fill- 
ing tne  space  between  tne  flask  and  the  pit  walls  with  some  suitable  non-oondoctiog 
material  as  may  be  desired  by  the  United  States.  Specimens  of  the  metal  takeo  from 
the  lower  end  of  the  sinking  heads  shall  in  each  case  hav^e  an  ultimate  tenacity  of 
not  less  than  30,000  pounds,  nor  more  than  37,000  pounds  per  square  inch.  The  ex- 
terior dimensions  of  the  rough  castings  shall  be  such  as  to  allow  the  finishing  of  th« 
guns  to  accurately  conform  to  the  dimensions  giyen  on  the  drawings  hereto  attached, 
and  also  to  assure  a  uniform  surface  when  finished ;  and  the  castings  shall  be  sound, 
free  from  cavities,  soft  spots,  and  flaws. 

•  •••••• 

The  casting  for  the  body  for  the  twelve«inch  breech-loading  rifled  gun,  finished 
in  readiness  ror  the  insertion  of  a  wire-wrapped  steel  tube  and  breech  bushing  shsU 
be  made  breech  down,  the  total  weight  of  tne  sinking  head  shall  be  at  least  one-sixth 
of  the  total  weight  of  the  rough  gun  casting,  and  the  body  shall  be  finished  accu- 
rately and  completely  on  the  exterior.  The  recess  for  the  tube  shall  be  finished, 
bored  in  accordance  with  the  drawing. 

The  Chief  of  Ordnance  directed  that  the  casting  be  made  breech 
down. 

10.  Variations  in  cooling  from  the  Bodman  meUwd, 

After  the  accident  with  the  first  casting,  Mr.  Hant,  president  of  the 
South  Boston  Iron  Works,  attributing  its  loss  to  the  weakness  of  the 

*  This  exception  has  reference  to  an  alternate  method  for  the  12-inch  hooped  and 
tubed  gun. 
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fla^k,  and  to  the  fact  that  the  gnu  was  cast  breech  dowu,  proposed  to 
surroand  the  dask  with  sand,  well  rammed,  as  high  as  the  tranuions  m 
order  to  sapport  the  flask.  He  spoke  to  me  in  regard  to  this  project, 
and  I  stated  that  I  could  not  authorize  such  a  departure  from  the  recog- 
nized methods  of  casting ;  that  I  feared  the  rapid  absorption  of  heat  by 
the  damp  sand  would  cool  the  exterior  too  rapidly.  At  his  suggestion, 
however,  I  wrote  to  the  Ordnance  Office,  explaining  Lis  proposed  modi- 
fication. 

Tlie  reply  I  received  deprecated  a  departure  from  the  usual  methods, 
and  it  was  remarked  that  in  case  sand  was  used  ii  would  be  prudent  to 
have  it  thoroughly  dried.  I  inferred  from  this  reply  that  the  Depart- 
ment did  not  intend  to  give  any  additional  instructions,  and  intended 
to  abide  by  the  provisions  of  the  contract  and  leave  the  subject  of  the 
manipulation  to  the  responsible  founder,  who,  when  president  of  the 
South  Boston  Iron  Company,  in  his  letter  o  the  Committee  on  Naval 
Affairs,*  dated  February  27,  1882,  says,  in  speaking  of  the  subject  of 
gun  construction : 

Aa  a  specialty,  we  have  devoted  years  of  pra'^^ical  labor  and  thought  to  this  ques- 
tion, and  believe  that  the  aconmulated  exper'  ^uce  of  forty  years  justifies  our  speak- 
ihg  with  proper  confidence  upon  the  subject  low  claiming  your  attention. 

And  who,  again,  in  his  letter  to  Greneral  S.  Y.  Ben6t,  Chief  of  Ord- 
nance, U.  S.  A.,  dated  Boston,  January,  1882,  states: 

The  South  Boston  Iron  Company  has  been  actively  engaged  in  the  manufacture  of 
ordnance  for  the  United  States  Government  for  more  than  half  a  century.  During 
this  long  period  of  service  its  record  has  been  of  the  highest  character,  and  at  all 
tim^s  it  has  faithfully  executed  its  engagements  with  the  Government.  It  has  added 
largely  from  time  to  time  to  its  machinery  and  fixtures,  until  it  is  in  condition  to 
fabricate  canmrn  of  the  largest  caliber  without  delay,  aud  until  the  value  of  its  plant 
IB  more  than  a  million  dollars. 

Desiring  to  continue  the  leading  position  we  hold  jn  the  line  of  our  business,  and 
believing  that  we  have  the  experience  and  ability  at  command  to  successfully  pro- 
dnoe  cannon  of  large  caliber  nt  iron  or  steel  from  American  ores,t  &c. 

I  imparted  to  Mr  Hunt  the  misgivings  of  the  Department  and  my- 
self in  regard  to  the  use  of  damp  sand,  or  a  departure  from  Rodman's 
method.  He  then  decided  to  place  a  dry  brick  wall  8  inches  thick  next 
to  the  ilask,  and  ram  sand  exterior  to  this,  so  as  to  support  the  flask. 
In  a  conversation  with  Mr.  Hunt  about  this  wall  I  expressed  the  opin- 
ion that  I  thought  the  wall  better  than  to  put  damp  sand  directly  against 
the  flask,  but  that  I  was  not  satisfied  that  the  brick  and  sand  were  suf- 
ficiently nonconducting  to  be  safe.  Mr.  Hunt  differed  with  me  and 
stated  that  he  thought  the  wall  would  be  a  good  non-conductor  and 
wonld  keep  in  the  heat.    The  subject  was  then  dropped. 

The  company  placed  the  flask  in  the  pit,  built  the  8-inch  brick  wall 
around  it  as  high  as  the  top  of  the  trunnion  section,  and  placed  a  fire 
in  the  pit  around  the  flask  at  that  point 

Thd  arrangement  is  fully  illustrated  in  Diagram  A,  which  follows : 

*See  ''The  Constmction  of  Ordnance/'  by  William  P.  Hunt,  president  of  the  South 
Boston  Iron  Company,  Boston,  1882,  p.  70. 

tSee  '*The  Establishment  of  Steel  Gun  Factories  in  the  United  States,''  by  Lient. 
W.  H.  Jaques,  U.  S.  N.,  p.  541.    The  italics  are  mine. — D.  A.  L. 
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DIAGRAM    A. 

SECOND  CASTING. 

12-INCH   TUBED   B.    L    RIFLE 

Cast  Dec.  23,  1884. 

BtUidl  tension-ring  A     1  ^^ 

MH  •fifinn'muMSLh.  J 

Jhiiial  tension  rm^  B     \ 

C^p*oni  muxxU.  ] 


Tap  ofintwuon  oeeUon 
offlaaht  "hriclt  vdU 
anci  ToxnjmtSL  oaniL, 


:^^lps^ofjb*wvnASM^^_ 


J5nitUil  tension  Ting  C 
at  Jfreechtt — - 
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11.  Transverse  rupture  of  seamd  casting. 


3» 


After  adjustiDg  the  casting  in  the  lathe,  the  sinking  head  and  first 
ioitial  tension  ring  (A)  were  cat  ofif,  and  then  gang-tools  were  employed 
to  remove  portions  of  the  exterior  by  turning  annular  grooves  in  the 
body.  The  metal  between  these  grooves  was  to  be  w^ged  off.  On 
Satnrday,  March  14,  the  workman  noticed  a  slight  crack  in  the  casting 
in  the  bottom  of  the  annular  groove,  cut  at  147  inches  from  the  axis  of 
the  trunnions  (or  287  inches  from  the  breech  of  casting),  but  it  was  not 
reported  to  the  Inspectors.  On  the  evening  of  March  17  the  casting 
broke  short  ofif  in  the  lathe.  The  ruptured  section,  shown  in  Diagram 
B,  had  an  exterior  diameter  of  32.125  inches,  and  an  interior  diameter 
of  10.5  inches.  The  exterior  diameter  of  the  casting  at  this  point  was 
46.75  inches ;  the  depth  of  the  groove  cut  by  the  tool  was  7.3+  inches. 
The  surface  of  fracture  was  curved  with  the  convexity  turned  toward 
the  breech  of  the  casting.  The  metal  in  the  fractured  surface  had  a 
brittle  arenaceous  appearance,  white  and  gray  mottled. 

Od  April  4, 1885,  a  cut  I  inch  wide  and  6|  inches  deep  was  made  in 
the  body  at  58.75  inches  from  breech,  when  a  crack  was  discovered. 
The  exterior  diameter  at  the  bottom  of  this  slot  was  43.75  inches.  l^^S^ 

Ou  April  7  another  cut,  52^  inches  deep,  was  made  at  31.5  inches  from 
the  breech,  and  wedges  driven  in.  The  31.5inch  breech  section  split 
off  with  ease.  The  fracture  was  convex  towards  the  breech,  but  the 
versine  of  the  longitudinal  section  was  only  0.5  inch,  instead  of  about 


Scale:  I'Moy." 

Hbch  tabed  cAnt-iron  B.  L.  R.,  showing  ana  of  broken  sectfoD,  rnptiired  ICaroh  17. 188S,  147  inohet  in 
front  of  axia  of  inmnlona,  or  287  Inohoa  from  the  breeoh  of  the  caatmg. 

two  inches,  as  found  for  first  rupture.  The  thickness  of  metal  ruptured 
was  over  34  inches,  or  a  little  over  17  inches  on  each  side  of  the  bore. 
Fractured  surface,  mixed  white  and  mottled ;  iron,  hard,  sandy-looking, 
very  brittle,  and  crumbling;  grain,  finer  around  core  barrel  than  else- 
where.   The  section  of  April  4,  58.75  inches  from  breech,  was  next 


I  * 
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;    '  ^  wedged  off.    It  broke  with  a  somewhat  irregular  fracture,  a  convexo- 

concave  surface  indicated  in  Diagram  A.    A  basin-shaped  cavity,  2| 
inches  deep,  was  left  in  the  muzzle  end  at  this  section,  showing  irre<^ 
)  lar  strains  at  this  point.    Fracture,  ^lottled,  with  hard  white  poihU 

'^  bright  and  lustrous;  metal  apparently  brittle.    Near  the  core^  ami  ex- 

tending radially  about  3  inches  from  the  bore,  the  surface  of  the  fract- 
ure was  slightly  discolored  by  rust,  indicating  that  a  crack  had  existed 
there  while  water  was  still  in  the  bore. 

After  the  first  rupture  the  company  began  cutting  the  gun  into 
suitable  sections  for  remelting,  all  of  which  were  wedged  off  with  ease. 
Up  to  and  including  April  18,  1885,  the  casting  had  cracked  traus- 
versely  at  eight  different  points  (including  the  first  point  of  rupturej 
while  the  annular  grooves  were  being  cut  and  before  the  resort  to 
wedging  off. 

It  will  be  seen  from  the  foregoing  that  the  Department  provided  for 
two  methods  of  keeping  the  pit  hot;  either^- 

(1)  By  means  of  a  fire  placed  around  the  fiask  at  the  bottom  of  tbe 
pit,  or  (2)  by  filling  the  space  around  the  flask  with  some  non-conduct- 
ing material. 

The  company  did  not  adopt  either  of  the  methods  prescribed  by  the 
contract,  but  adopted  and  used  part  of  each ;  that  is,  they  built  a  fire 
in  the  pit  around  the  upper  part  of  the  fla^^k  above  the  trunnions  and 
filled  the  lower  part  of  the  space  between  the  pit  and  flask  with  what 
they  claimed,  and  probably  believed,  to  be  a  <<  suitable  non-coodncting'' 
medium. 

In  order  to  secure,  as  far  as  possible,  uniformity  in  cooling  upon  the 
exterior  of  a  casting,  any  person  having  the  slightest  acquaintance 
with  the  principles  and  laws  of  physics,  or  the  art  of  molding,  kuovg 
that  the  more  homogeneous  the  enveloping  material  throughout  the 
zone  penetrated  by  the  heat,  whether  it  be  gaseous  or  solid,  the  more 
uniform  will  be  the  rate  of  cooling.  The  absolute  cooling  effect  will 
depend  upon  the  densities  and  conducting  powers  of  the  circumjacent 
media,  supposing  the  particles  to  remain  relatively  at  rest  and  not  dis- 
turbed by  currents  of  air,  &c.  Thus,  if  air  be  used  as  the  surround- 
ing medium,  the  rate  of  cooling  and  the  cooling  effect  will  be  very  dif- 
ferent if  the  air  remain  at  rest  from  what  it  would  be  were  the  air  kept 
in  circulation,  the  heated  air  being  removed  and  replaced  by  cold  air. 

In  view  of  these  facts,  it  would  have  been  better,  as  far  as  uniformity 
of  cooling  was  concerned,  to  have  either  surrounded  the  flask  with  tbe 
brick  wall  and  sand  all  the  way  up,  or  to  have  built  a  fiie  at  the  bot- 
tom of  the  pit  and  kept  the  flask  surrounded  by  hot  air  at  as  nearly  a 
uniform  temperature  and  with  as  little  a  current ^s  possible. 

The  remarks  regarding  uniformity  of  cooling  are  based  upon  the  sup- 
position,of  course,  that  the  casting  is  a  perfect  cylinder,  without  any 
protuberant  masses.  In  this  casting,  however,  the  breech  end  had  tbe 
thickest  metal  and  the  chase  the  least  thickness,  but  to  counterbalance 
this  the  thin  metal  was  protected  by  the  greater  thickness  of  dry  sand 
inside  the  flask,  and  would  not  radiate  its  heat  to  the  medium  surronud- 
ing  the  flask  so  rapidly  as  would  the  thick  metal  at  the  breeeh  with  its 
lighter  protection  of  dry  sand  inside  the  flask.  This  casting  also  bad 
masses  projecting  to  form  the  trunnions,  which  would  interfere  with 
the  uniformity  of  cooling  about  that  section. 

The  company,  however,  adopted  a  mixture  of  the  two  methods  of  ex- 
terior cooling.  They  kept  the  air  around  the  top  of  the  flask  hot  for 
a  time;  and  from  the  bottom  of  the  pit  to  the  top  of  the  trunnion  sec- 
tion was  filled  with  the  brick  wall  and  moist  hard-rammed  sand. 
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Any  intelligent  master  molder  could  have  foreseen  that  the  conditions 
were  exactly  similar  to  those  employed  in  casting  chilled  projectiles  or 
chilled  rolls ;  where  the  part  to  be  chilled  is  surronnded  by  a  metallic 
envelope  on  account  of  its  good  conducting  properties  and  the  unchilled 
parts  are  molded  in  sand  or  loam,  which  is  a  comparatively  poor  con- 
ductor of  heat. 

12.  Difficulty  in  molding. 

In  relation  to  the  molder's  task  in  preparing  for  heavy  castings,  Ap- 
pleton's  Cyclopaedia  of  Mechanips,  Yol.  II,  p.  452,  has  the  following: 

The  casting  is  a  very  intricate  process,  reqairing  good  engineering  abilitiesi 
skill  in  drafting,  and  experience  in  the  designs  as  well  as  in  those  who  execate 
the  work.  *  *  *  He  (the  molder)  has  also  to  provide  channels  and  gateways  for 
the  ponring  of  the  metal,  and  they  must  be  so  arranged  as  to  secure  its  perfect  flow- 
ing to  erery  part,  and  as  nearly  as  possible  its  simultaueons  cooling.  Allowance  mnst 
also  l>e  made  for  shrinkage,  and  an  almost  infinite  number  of  precautions  suited  to 
particular  exigencies  as  they  arise  must  be  observed.  The  drafting  requires  great 
tbretbougbt  and  calculation,  and  the  execution  not  only  involves  a  perfect  compre- 
hension of  the  plan,  but  a  constant  vigilance  in  avoiding  errors  and  causes  of  mis- 
carriage. 

The  above  paragraph  indicates  clearly  the  necessity  for  great  pre- 
cautions in  molding.  In  this  case  the  mold  had  a  cylindrical  sinking 
bead  (see  diagram  A),  then  tapered  for  a  foot  to  the  neck,  and  had  a 
reverse  conical  surface,  large  end  down,  with  projecting  masses  for  the 
trannions,  below  which  point  it  was  practically  cylindrical.  A  compari- 
son of  the  dimensions  of  the  mold  .and  the  6orrespouding  dimensions 
of  the  casting  at  the  same  points  is  given  below. 


Point  taken. 


Pattern. 


Diameters. 


Bo(i4Mn  of  ejrlindrical  ulnkinir  head. . 

Keek,  smalleet  part  of  oaating 

In  front  of  trosniona 

Maximnm  diameter  below  tranniona 


M.7 
44.22 
52.71 
56.75 


Caatlnga.* 


Dlametera. 


Inchea. 
45.5 
43.7 
63.75 
-58.75 


Difference. 


Inchea. 
-1.2 
-0.62 
+L04 

+aoo 


*  Tbeee  nmnbera  are  only  approximate,  being  taken  with  coarse  shop  calipers. 

This  shows  that,  if  the  mold  was  well  rammed  and  accurate  (which  it 
apparently  was),  the  casting  contracted  diametrally  at  all  points  ex- 
cept jast  above  the  trunnions,  where  it  enlarged  about  an  inch.  This 
enlargement  might  have  proceeded  partly  from  the  straining  of  the 
mold  and  partly  from  the  rude  method  of  measuring  the  casting.  The 
diametral  contraction  was  proportionally  greater  below  the  trunnions. 

In  regard  to  the  amount  of  vertical  contraction  of  the  casting,  no 
data  is  at  hand  by  which  it  c&n  be  accurately  determined.  The  verti- 
cal contraction  was  probably  not  far  from  one  eighth  of  an  inch  for 
every  16  inches  of  length  in  the  casting,  and  as  the  mold  for  the  cast- 
ing was  462  inches  in  length,  the  vertical  contraction  would  be  about 
3.6  inches. 

13.  Longitudinal  shrinkage  strain. 

In  my  report  to  the  Chief  of  Ordnance  U.  S.  A.,  dated  March  18, 
1885,1  stated  that  ''the  only  rational  explanation  that  suggests  it- 
self to  me  at  this  writing  is  that  the  great  length  of  the  casting  would. 
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in  cooling,  necessarily  contract  a  good  deal  longitndinally  (vertically), 
and  the  enlarged  cylindrical  sinking  head  at  one  end  and  the  sloping 
body  at  the  other  acted  like  holders  in' a  testing  machine,  and  did  not 
allow  the  metal  to  sink  down,  especially  alter  setting  on  the  exterior.'' 

Mr.  Alfred  E.  Watkins*  says: 

The  difference  in  time  required  to  cool  the  different  parts  of  a  casting 
depends  upon  their  relative  thickness     •    •    • 

The  thickest  part  of  a  mass  of  molten  metal  always  shrinks  la^t ; 
and,  <^as  a  rule,  moldings  should  seldom  be  cast  on  a  column,"  as  they 
tend  to  weaken  it.  Again,  Lieutenant  Birnie,  Ordnance  Department, 
in  speaking  of  the  castings  for  the  2jf-inch  bronze  life-saving  guug,^ 

says: 

• 

Witb  castiDgs  Nos.  1  and  2  (the  latter  of  which  was  afterwards  coDdemned)  a  patUm 
was  used  for  molding  the  sand-head,  which  had  become  worn  at  the  bottom  by  contact 
with  the  heated  chill,  and  thus  caused  a  shoulder  to  be  formed  in  the  mold  at  the  haae 
of  the  sand- head.  The  injurious  eifect  of  this  was  at  once  apparent  in  tbe  caAtinn, 
both  of  which  were  cracked  around  tbe  chase  just  below  the  sand-head,  tbe  shoulder 
haying  acted  to  prevent  the  metal  in  the  sand-head  from  sinking  properly  to  supplj 
the  shrinkage  below.    A  new  pattern  was  at  once  substituted. 

The  case  cited  by  Lieutenant  Birnie,  U.  S.  A.,  bears  directly  upon 
this  question.  If  he  found  that  the  slight  shoulder  forming  a  neck 
at  the  top  of  a  casting  about  47  inches  m  length  produced  injurious 
strains  sufficient  to  crack  the  chase,  how  much  more  would  a  shoulder 
at  the  base  of  the  sinking  head  for  a  casting  462  inches  in  length 
be  apt  to  produce  injurious  strains  below  the  plane  of  the  shoulder! 
Especially  would  this  be  true  when  the  metal  between  this  shoulder 
and  the  trunnions  was  delayed  in  its  contraction  and  shrinkage  by  tbe 
fire  and  hot  air  around  this  portion  of  the  flask,  while  the  large  bottom 
mass  was  cooling,  contracting,  and  shrinking  away  from  the  half  fluid 
metal  in  the  chase. 

Again,  it  is  a  well-known  fact  that  '^  melted  iron,  when  cooling,  cools 
the  fastest  at  the  bottom  of  the  mold  and  at  the  sides  and  cope  surfaces, 
which  draws  molten  iron  from  the  hottest  or  central  portion  to  supply 
the  shrinkage  of  the  cooling  parts."  This  statement  was  apparently' 
verified  in  this  casting,  which  undoubtedly  cooled  more  rapidly  where 
walled  up  with  brick  and  sand  than  it  did  about  the  chase,  surrounded 
by  a  fire  and  hot  air.  That  fluid  iron  was  drawn  from  this  region  was 
showd  by  the  less  and  less  convexity  of  the  fractured  surfaces  of  the 
different  sections  as  the  bottom  or  breech  was  approached. 

The  convexity  of  the  surfaces  of  fractuie  was,  in  every  section  except 
the  one  58.75  inches  from  the  bottom  of  the  casting,  turned  toward 
the  breech.  This  exception  exhibited  an  irregular  outline,  and  had  a 
basin-shaped  cavity  on  one  side  with  its  convexity  towards  the  muzzle, 
which  is  attributed  to  the  abnormal  shrinkage  strains  caused  by  tbe 
fixed  position  of  the  trunnions,  their  inability  to  move  downward,  and 
tbe  dependent  weight  of  the  breech. 

ISince  the  above  was  written  I  have  ruYi  across  a  very  similar  case, 
cited  by  Captain  (afterwards  General)  Uodman,  in  **Metais  for  Cannon," 
page  127,  which,  from  its  pertinence  to  this  subject,  I  have  transcribed 
entire : 

The  above  data  show  the  metal  in  the  West  Point  gun  to  be  more  dense,  of  much 

freater  stiength,  niort>  elastic,  and  much  more  incumprpssible  than  that  in  the  Fort 
itt  gun,  and  of  almost  equal  ultimate  extensibility;  or  that  it  is  superior  in  everj 
quality  except  one,  and  but  slightly  iui'erior  in  that.    Yet  the  endurance  of  the  Fort 

'Article on  ''Casting,"  in  Appleton's  '* Cyclopaedia  of  Mechanics,"  Vol.  I,  p.  336. 
tBeport  of  Chief  of  Ordnance  U.S.  A.,  18d4,  p.  392. 
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Pitt  gnu  was  more  than  double  that  of  the  West  Point  gnn.  In  other  y^ords,  the 
^ffrwr  metal  makes  the  tuj^erior  $olid  cast  gnn. 

Startlingly  absnrd  as  this  conclusion  appears,  it  is  oevertheless  tme,  and  admits 
>r  Batisfaotory  explanation,  in  strict  accordance  with  the  known  properties  of  oast- 
jon. 

The  iron  of  which  these  gnns  were  made  was  identical  in  qAlity  when  it  went 
into  the  melting  furnaces.  The  difference  in  quality,  as  found  in  the  gnus,  was 
;sDMd  by  the  diffei»nce  in  treatment  which  it  received  in  the  furnaces,  and  by  the 
lifferent  rates  of  cooling  to  which  the  gnus  were  subjected  after  casting.  The  Fort 
Pitt  furnaces  have  a  stronger  draft,  melt  quicker,  and  ''  work  lower/'  or  decarbonize 
tbeir  iron  leas,  than  the  West  Point  furnaces. 

The  West  Point  gun  mold  was  rammed  up  in  green  or  moist  sand  to  a  point  above 
the  trunnions,  that  part  of  the  mold  containing  the  chase  of  the  gun  being  entirely 
QDcovered.  x 

The  Fort  Pitt  gun  mold  was  placed  in  a  closely  covered  pit,  which  had  been 
previously  heated  b^  fire,  and  in  which  a  moderate  fire  was  burning  at  the  time 
of  casting,  and  continued  to  bum  for  some  time  after.  ^ 

Green  or  moist  sand  is  a  very  good  conductor  of  heat,  owing  to  the  evaporation  of 
the  moistnre  which  it  contains.  It  is  well  known  that  a  body  will  cool  much  more 
rapidly  in  the  open  air  than  in  a  closely  covered  pit,  even  without  any  application 
of  beat  from  other  sources. 

Tb<»re  can  be  no  doubt,  therefore,  that  the  West  Point  gun  cooled  more  rapidly  than 
the  Fort  Pitt  gun,  nor  that  it  was  composed  of  higher  or  more  decarboaizea  iron. 
Now,  it  is  w«ll  known  that  the  higher  tne  iron  and  the  more  rapidly  it  is  cooled  the 
gri^ter  will  be  its  contraction  in  cooling. 

It  is  equally  well  known  that  the  greater  the  contraction  of  the  iron  the  more  liable 
i»  the  casting  to  be  strained  in  cooling;  and  in  no  case  is  this  danger  more  imminent, 
or  the  strain  produced  more  certain  to  be  injurious,  than  in  cooling  firom  the  exterior 
piiMj  hydraulic  cylinders,  dec,  of  large  diameter.  For  (for  the  reasons  given  in  my 
letter  to  Colonel  Craig,  hereto  appended,  page  93)  the  strain  due  to  contraction  in 
cooliog  is  sore,  in  these  cases,  to  act  in  concert  with  the  bursting  force. 

There  can  be  no  doubt,  therefore,  that  the  superior  nnalities  which  the  iron  in  the 
West  Point  gun  has  been  nhown  to  possess  were  more  than  neutralized  in  the  gun  by 
the  greater  strain  to  which  it  was  subjected  in  cooling ;  but  additional  support  of 
this  conclusion  is  found  in  the  less  enlargement  of  the  chamber  of  the  West  Point 
than  that  of  the  Fort  Pitt  gun,  when  first  discovered  to  be  cracked,  in  proportion  to 
the  ultimate  permanent  set  which  the  iron  would  undergo  from  a  state  of  perfect 
freedom  from  strain. 

III. — PHYSICAL  PBOPERTIES. 

1.  Initial  tension. 

From  the  casting  for  the  12-inch  tabed  rifle,  three  initial  tension  rings 
will  be  taken,  which  will  be  marked  respectively  A,  B,  and  C. 
They  will  be  taken  as  follows : 

A,  30  inches  from  the  muzzle. 

B,  0  inch  from  the  muzzle. 

These  two  have  already  been  cat  from  the  casting. 

C,  22  inches  from  the  breech. 

The  specimens  taken  from  these  rings  will  be  sent  to  Watertown 
Arsenal  for  test,  and  the  results  may  be  inserted  hereafter  in  their 
proper  place.  The  positions  of  the  specimens  in  the  rings  are  shown  in 
diagram  O.  In  order  to  lay  before  the  Department  the  principal  data 
relating  to  the  initial  tensions  of  the  castings  made  here  under  this 
contract,  for  direct  comparison,  a  tabular  statement  has  been  prepared 
and  is  appended,  marked  Table  II. 
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DiAaRAM  C. 

[12-ineh  steel-tabed  B.  L.  K.    Second  casting.] 


Plan  of  initial  tension  rings  fh>m  oast*iron hoAj of  12-lnoh  tabed  rifle*  showingposition  and namb«r 
ef  test  specimens.  Three  disks:  "A,"  taken  80  inohee  from  mnule  of  gun;  *^B,"  taken  0  inch  frvn 
moasle  of  gnn ;  "C,"  taken  22  inches  trom  breech  of  casting. 


2.   TEST  SPECIMENS. 

[12-inch  tabed  rifle.    Second  casting.  ] 
NumbeTf  kind,  and  dimensiims  of  test  speoimens  taken  from  each  initial  temtion  ring. 


^4  ji 

II 
II 


8 
8 

8 

2 
8 


Kind. 


Tenacity 

Tenacity 

Tenacity 

Tension 

» 

Hardness  and  specific 
gravity. 


Where  taken. 


How  taken. 


1" 


\ 


Tangenlially 

Longitudinally  . . .  < 
Badially < 

Tangentially i 


From    doe    on 
radios. 


■{ 


Number. 


1 
2 
8 
6 
7 
8 
9 
10 
11 

S| 

12 
13 
14 


Position. 


Inside 

Middle 

Outside 

Outside 

Middle 

Inside 

Outside 

Middle 

Inside 

Both  inside 
and  on  op- 
posite sides 
of  bore. 

Inside 

Middle 

Outside 


Si2e. 


Length. 


\ 

} 

! 


8.1 


8.1 
8.1 


•80 


0^5 


Dismetar. 


2"sqiisre. 
S^'sqaira. 
2''8qiure. 

1".7S  Miasre. 

1".5. 


*  Between  shoulders. 
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In  addition  to  the  above,  the  following  specimens  were  taken  for  de- 
termining hardness  and  specific  gravity,  viz :  Two  specimens,  A  and  B, 
were  taken  from  opposite  sides  at  the  bottom  of  casting;  three  speci- 
mens, C,  D,  and  E,  from  the  trunnion  section  of  the  casting  which  was 
22  inches  in  length,  one  each  from  inside,  middle,  and  outside  of  cross- 
section,  and  three  specimens,  F,  G,  and  H,  from  the  section  where  the 
mptnre  of  March  17  took  place.    (See  diagram  A.) 

The  specimens  for  hardness  and  density  will  be  furnished  at  this 
foundry  and  sent  to  Watertown  Arsenal  for  test.  A  table  giving  the 
results  of  the  tests,  will  be  appended  hereafter  and  marked  Table  III. 

The  tenacity  and  tension  specimens  will  be  planed  to  the  dimensions 
given  in  the  above  table  and  then  sent  to  Watertown  to  be  tested  after 
finish  turning.  The  results  from  the  tenacity  specimens  will  be  found 
in  Table  IV,  to  be  appended  later. 

For  the  information  of  the  Department  and  for  comparison,  a  table 
giving  the  densities  and  tenacities  of  specimens  taken  from  a  10-inch 
rifle  cast  for  the  Argentine  Republic  in  1872  or  1873.  This  gun  (foun- 
dry No.  2341)  was  rejected  on  inspection  for  defects  near  the  bottom  of 
the  bore,  and  in  July,  1873,  was  cut  up  into  sections,  as  shown  in  the 
sketch  in  the  table  giving  the  results  of  the  tests  (see  Table  Y  appended 
hereto).  These  results  will  be  useful  for  comparison.  The  casting  for 
this  gun  was  about  the  same  size  as  for  a  15inch  Bodman  smooth-bore 
gun. 


Table  I. — Statement  of  fabrication  of  ordnance  for  the  service  of  the  United  States  5y 
South  Boston  Iron  Works,  at  the  South  Boston  Foundrg,  under  the  supervision\  of  Capt. 
D.  A.  LylSf  Ordnance  Department,  U.  S.  Army. 

[Seoond  oaating  for  12-inch  wire-wrapped  steel- tubed  gun,  CMt  December  28, 1884.] 

CHAKGB. 

Richmcnd  iron  ussd. 


Grade  of  iron. 

Furnaces. 

TotaL 

No.1. 

No.  2. 

No.  8. 
Pounds. 

Vo.  1 

Pounds. 

Pounds. 

Pounds. 

Ne.3 

No.  8.  bard* 

14.000 
24,000 
17.000 
27,000 

14.000 
24,000 
17,000 
27,000 

'  14,066 
24,000 
17,000 
27,000 

42,000 
72,000 
51,000 
81,000 

No.  8,  soft 

Kemelted 

82,000 

82,000 

82,000 

246,000s 
100.8  tons. 

*  Classed  as  "  No.  4  Richmond  "  at  this  foundry. 


tThe  entire  operation  and  superintendence  of  and  reeponsibility  for  the  casting  was  under  the  dtreo- 
tkm  of  the  founders,  and  the  only  supervision  exercisea  by  the  inspectors  was  that  required  by  the 
«QiDtrset,  so  far  as  it  proyides  for  inspections  at  every  sti^e  of  the  manufacture. 
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Coai  eontumedA 


"Pennsylvania  gas  ooal"  used. 

Famacea. 

No.1. 

No.  2. 

No.  3. 

Total. 

Meltinir .' 

Tont. 

12 

3 

Totu. 
2| 

Tont. 

Tatu. 

Fusion .....................  ....... ............ 

Total  tons 

15 

15 

15 

45 

t  Estimated ;  assumed  to  be  1  ton  per  fumaoe  per  honr. 
OharaeUr  <if  Uti  ttiekt. 


Furnaces. 


Iron  . 


Nal. 


White  crystal- 
line, slightly 
mottled. 


No.  2. 


No.  3. 


Dark  gray, 
earthy. 


Basin. 


I 


Grayish  white  crys-  ;  p„_  n-.  __^ 
mottled.  I     ^^ 


BECORD  OF  CASTING. 


Funiaces  fired,  December  22,  at  8.45  p.  m. 

Metal  down,  December  23,  at  8  a.  m. 

Time  of  melting,  11^  hours. 

Time  in  fuBiou,  3i  hours. 

Gun  cast,  December  23,  at  11.15  a.  m. 

Time  occupied  in  casting,  36  minutes. 

Temperature  of  water  entering  core-bar- 
rel, 38  degrees. 

Temperature  of  water  leaving  core-barrel, 
71  degrees. 

Rate  ofwater  per  minute,  40  gallons. 

Fire  kindled  in  pit,  December  23,  at  11.29 


a.  m. 


Fire  in  pit  went  out,  December  SM, 6  a.  m. 
Fire  in  pit  burned  18i  hours. 
Water  shut  off,  December  24,  at  10  a.  m. 
Core-barrel  removed  at  10.30  a.  m. 
Water  entered  gun  at  11.30  a.  m. 
Rate  of  water  per  minute,  40  gallons. 
Temperature  of  water  entering  gun,  96 

degrees. 
Temperature  of  water  leaving  gun  in  27 

minutes,  145  degrees. 
Rate  of  water  changed  December  24.  at 

12  m.,  to  28  gallons. 
Total  time  in  cooling  gun,  140  hours. 


COOLING  TABLES. 


ba: 

are- 
rrel 

Core-barrel  removed. 

1 

.  1 

•      1 

• 

an 

• 

• 

Q& 

• 

i 

i 

1 

c 

1 

« 

t 

9 

0             & 

t 

1   i 

• 

e 

1 

a 

0 

Ec 

a 

& 

0 

t« 

o 

M 

0         • 

6S 

o 

9 

o 

9 

e 

9 

o 

9 

•   O     « 

o 

9 

O 

9 

1 

P 

m 

P 

m 

45 

P 

67 

P 

74 

w 

P 
58 

t4 

P    1 

1 

m 

Q 

71 

^     23 

162 

111 

89l 

111 

47 

t 

133 

42 

2 

71 

24 

46 

111 

68 

72 

90  i  57 

112 

46 

184 

42 

8 

70 

.25 

145 

47 

110 

69 

72 

91  1  56 

113 

45 

135 

41 

4 

70 

§20 

154 

48 

109 

70 

72 

92  55 

114 

44 

136 

41 

5 

70 

27 

160 

49 

108 

71 

72 

93 

54 

115 

44 

137 

41 

6 

69 

28 

156 

60 

107 

72 

72 

94 

54 

116 

44 

138 

40 

7 

68 

29 

153 

51 

106 

73 

72 

95 

54 

117 

44 

130 

40 

8 

67 

30 

150 

52 

104 

74 

71 

•*96 

54 

118 

44 

ttl40 

40 

9 

66 

31 

143 

53 

102 

75 

70 

07 

54 

110 

44 

10 

66 

32 

134 

54 

100 

76 

69 

98 

54 

120 

44 

11 

66 

33 

129 

55 

08 

77 

68 

99 

53 

121 

44 

12 

65 

84 

128 

56 

96 

78 

67 

'  100  52 

122 

44 

13 

65 

35 

126 

57 

95 

79 

66 

101  1  52 

123 

Lost. 

14 

65 

36 

124 

58 

93 

80 

65 

102  ,  51 

124 

44 

15 

65 

37 

122 

59 

90 

81 

64 

103 

50 

125 

44 

16 

64 

38 

120 

60 

88 

82 

64 

104 

50 

126 

44 

17 

64 

89 

118 

61 

86 

83 

63 

1  105 

50 

127 

43 

18 

64 

40 

116 

62 

84 

84 

62 

106 

50 

128 

42 

10 

64 

41 

114 

63 

82 

85 

62 

107 

50 

129 

42 

20 

63 

42 

113 

64 

80 

86 

61 

108  ;  50 

130 

42 

21 

62i 

43 

112 

65 

78 

87 

60 

109 

49 

131 

42 

22 

62 

44 

112 

66 

76 

88 

59 

110 

48 

132 

42 

**  Water  rate  cbaoffed  to  20  gallons  per  minate. 
1  Water  ahnt  off  to  remove  core-barrel. 
§§  Core  arbor  removed. 


6  Water  rate  changed  to  28  gaUona  per  minnte. 
t  i  Water  shut  off,  leaving  bore  filled  with  witer. 
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TSKSn^B  STRENGTH. 


Specimens. 

Diameter 
of  speci- 
men. 

Area  of 
cross-sec- 
tion. 

Breaking 
weight. 

Tenacity; 
pounds  per 
square  inch. 

1 

Inehst. 
1.129 
1.129 
L129 

Indi. 

1 
1 
1 

29,820 
29,410 
83,180 

29,820 
29,410 
83,180 

2 

8 

INITIAL  TENSION. 


• 

41 

^ 

^ 

1 

h 

1 

1 

I 

rior  di 
rin 

i 

J 

H 

S 

.2 

S 

H 

H 

Ine/UB. 

A  rWWff«0V» 

InehM. 

Inehsi. 

30 

46l85 

10.95 

3.1 

0 

46.125 

10.95 

8.1 

11 


§ 


li 

ua 
H 


B 

s 

tm 

s 


a 

0 

t 

O 


s 

H 


Inch. 
0.31 
0.41 


Inch.      Inch. 

0.0365     0.1185 

0.0325  I  0.0975 


0  bfi 

8l 

a«M 
^  o 

11 


JfMASf. 

142.47+ 
144.9 


Inch. 

00083174 

00067288 


Table  II. — Tabular  itatement  ofiniHal  ienHoru  (for  oompariaon). 


Onn. 

12-inoh  M.  L.  R.  mor- 
tar. 

Body,  10-inch  wire- 
wrappM  B.  L.  R. 

12-inch  cast-iron  B.  L.  B 

Where  taken. 

Hassle. 

Inehu, 
32.375 

Experi- 
mental cyl- 
inder after 

nnhoop- 
in«. 

Hassle. 

Inehsi. 
84.125 

Breech. 

Hassle. 

Breech. 

Exterior    diameter    of   initial 
tftimicni  rinff  .^..^-r..... 

3L0461 

Indies. 
81.026 

Ineket. 
25.76 

Inehst. 

57.15 

Width  of  slot  before  rapture — 
Width  of  slot  after  rapture 

0.511 
a  612 

0.5 
0.571 

0. 504          0. 506 
0. 004          0.  ^ 

0.49 
0.5 

0.5 
0.6615 

Difference 

0.101 

0.071 

0. 101         0.  ofli 

0.01 

0.  lAlft 



■  a 

Extension  per  linear  inch  of  ex- 
terior circamferenoe 

0.000393 
16,750 

0.0007279 
12,000 

0.00094 
16,100 

0.00061 
13, 125 

0.000123 
3,500 

0. 000899511 

laititl  tension  (pounds) 

15,750 

Qan. 

12-inch  hooped  and  tubed 
B.L.R. 

12- 
Hu] 

inch  tubed  R  L.  B. 

Hassle. 

Breech. 

Esle. 

Breech. 

Where  taken. 

A.  30  inches 
from  mussle. 

B.  0  inch 
from  mussle. 

C.  22  inchee 

trom  breech  of 

csstinft 

and  4  inches 

in  fkx»nt 

of  breech  of 

gun. 

Exterior   diameter  of   initial 
tcniion  rinff 

39.85 

Inehet. 
4L3 

Ineket, 
45.35 

Irushst. 

Inehet. 
56.6 

Width  of  slot  before  rupture 

Width  of  slot  after  rapture 

0.508 
0.554 

0.5 
0.5065 

0.5075              0.4985 
0. 626               0. 596 

0.501 
0.656 

Difference 

0.046 

0.0065 

0.1185 

0.0975 

0.155 

BxteiMion  per  linear  inch  of  ex- 
terior eirciimfereiiceT  ,,^.,,.,r 

0.000367484 
7,000 

0.00006009 
2,500 

0. 00083174       0. 00067288 

0.00087169 

Initisl  tension  (pounds) 

15,500 

13,400 
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Table  III. — Densities  and  hardness. 


IBesults  fh>m  speoimens  taken  from  second  oastinff  for  12'inch  tabed  rifle,  ruptmed  traaaTendT 

March  17. 1885.]  ' 


Order  from 
mazsle. 

Poaition  of  speoimens. 

Marks. 

Inside. 

Middle. 

Densit:^. 

Hardness. 

Marks. 

Density. 

Haxdneas. 

1 

A 12 
B  12 

F 

C 
12  T) 
C125 

7.2821 
7. 3526 
7.8503 
7.3707 

7.3609 

17.90 
19.18 
19.81 
20.47 

2L17  { 

A  13 
B18 

G 

D 
12  Tl 
C18i 

7.8122 
7.3012 
7.8226 
7.2091 

7.8636 

20.03 
1&58 
1&08 
16.23 

17.19 

1 

2 

8 

4 

> 1 

Mean .... 

7.34332+ 

19.706 

7. 80174 

1&0S4 

a 

Order  from 

• 

mossle. 

Position  of  specimens. 

Oatside. 

Mean. 

Marks. 

Density. 

Hardness. 

Density. 

Hardness. 

1 

A  14 
B14 

f 

12  T  J 

0  14  5 
A 
B 

7.2761 
7.3218 
7.8423 
7.8312 

7.8488 

7.3115 
7.2949 

17.68 
17.53 
17.90 
19.18 

17.63 

16.90   \ 
16.31 

7. 29013+ 
7.8252 
7.8384 
7.30366+ 

7.3676 
7.8082 

1&486+ 

18.43 

1&60 

iae26 

ia806+ 
16u605 

2 

8 

4 

6 

6 

Mean 

5 
: 

\ 

7.818014. 

17.654 

7.819698 

ia6071+ 

Fn»mv>keno«  taken, 

Ko.  1.  Initial  tension  ring  A,  80  inches  above  mnsde. 
No.  2.  Initial  tension  ring  B,  0  inch  ttom  mnssle. 

No.  8.  First  raptured  section  (March  17, 1875),  147  inches  above  axis  of  tnumlons,  or  387  inohei  from 
breech. 
No.  4.  Trunnion  section  (rear  end).    Axis  of  trunnions  140  inches  from  breech. 
No.  5.  Initial  tension  ring  0,22  inches  fh>m  breech,  or  4  inches  aboye  rear  face  of  breedi of  goa. 
No.  6.  BoUom  of  breech.    From  exterior  at  opposite  ends  of  the  same  diameter. 

Tablb  IV. — Tenacity  specimens  taken  from  the  second  {or  rt^iured)  casting  for  the  12-iaei 

breech-loading  ri/Uf  lined  mth  wire-iorapped  steel  tube. 


From  whence  taken. 


InUal  tension  ring  A  :* 

Specimens  marked  A  and  num* 
bered  as  shown  in  table. 
Initial  tension  ring  B:* 

Specimens  marked  B  and  num- 
bered as  shown  in  table. 
Initial  tension  ring  C  :* 

Specimens  marked  C  and  num- 
pered  as  shown  in  table. 


Taken  tangentially. 


No.l 
(inside), 
in  poandsgin 


per 

square 

inch. 


89,820 


80,280 


No.  2 

(middle), 

pounds 

per 

square 

inch. 


29,410 


28,900 


No.  8 

(outside), 

in  pounds 

per 

square 

inch. 


88,180 


29,850 


Mean,  in 

pounds 

per  square 

inch. 


80.808 


29,6766+ 


Poeitionof  faiitisltas- 
sionring. 


80  inches  from  mnida 


0  inch  tnm  maale. 


22  inches  from  breeoh. 


*  Record  of  tests  not  yet  received. 
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Table  IV. — Tenacity  spedmena  taken  from  the  $econd  oaatingt  ^& — Con  tinned. 


yrom  whence  taken. 


Initial  tension 

Specimens 

ber«d  as 

Initial  tension 

Specimens 

bercdas 

Initisl  tension 

Specimens 

beredas 


ring  A  :* 

marked  A  and  nam- 
shown  in  table. 
rinffB:* 

marked  B  aiidnum- 
shown  in  table. 
ringC:* 

marked  C  and  nam* 
shown  in  table. 


Taken  longitudinally. 


No.  8 

(inside), 

in  pounds 

per 

•qnare 

inch. 


No.  7 

(middle), 

in  pounds 

per 

square 

inch. 


No.  6 

(outside), 

in  pounas 

per 

square 

inch. 


31,850        28,400        84,820       81,5233 


Mean,  in 
pounds 

per 

square 

inch. 


Position  of  initial  ten- 
sion ring. 


83,700 


t23.830 


82,680 


80,000 


30  inchee  from  mussle. 


0  inch  ftrom  mnasle. 


22  inches  from  breech. 


Taken  radially. 

• 

From  whence  taken. 

No!  11 

(inside). 

in  pounds 

per 

square 

inch. 

No.  10 

(middle). 

in  pounds 

per 

square 

inch. 

t26,150 
27,700 


No.O 

(outside), 

in  pounds 

per 

square 

inch. 

80,620 
31.080 


Mean. 

Position  of  initial  ten- 
sion ring. 

Initial  tension  ling  A:* 

Specimens  marked  A  and  num- 
bered as  shown  in  table. 
Initial  tension  ring  B:* 

Specimens  marked  B  and  num- 
bered as  shown  in  table. 
Initial  tension  ring  C  :* 

Specimens  marked  C  and  num- 
bered as  shown  in  table. 

26,040 
20,700 

27,003+ 
20,473 

80  inches  from  mnsale. 
0  inch  from  mnzsle. 
22  inches  from  breech. 

Appearance  of  fracture,  "granular,  mottle<l.  resembling  granite." 
t  Major  Psrker  reports  these  specimens  as  showing  "  very  marked  contrast  between  light  and  dark 
metal." 


Table  Y  .—Phifeical  properties  of  lO-inch  rifles  foundry  No.  2341,  made  for  the  Argentine 
Rqfublic  by  the  South  Boston  Iron  Company^  and  cut  up  for  test  July  3,  1873,  <rfter  its 
rejection. 


0 


%4 

o 
6 

9 


2 
3 
3  < 

4! 
5! 

t 


Distance  finom  muzzle. 


No.  1,  inside. 


« 

I 


ie2inches 7.8361 

147  inches, rear 7.2970 

m  inches,  front 7.3184 

No  specimens  t%ken 

96  inches,  rear 

67.&inchea,  rear 

30  Inchea,  rear 

0  inchea,  middle  of  face. . 

2  inchea,  porooa  spot 


Means 


7.2585 
7. 8026 
7.8028 


7.3016 


82, 708 
33,134 
36,202 


Specimen. 


No.  2,  middle. 


27,155 
29,344 
35,064 


& 


7.3078 
7.  2345 
7.3003 


s 


33,270 
32,044 
31,547 


7.2818 
7. 2510 


32,283 


7.2402 


7.2700 


31,460 
27,732 


26,130 


30,367 


Na  3,  outside. 


g 
P 


a 

9 

H 


7.2864 
7.1066 
7. 2011 


7.2840 
7.1870 
7.2004 


31,400 
23,528 
32,340 


7.8048 


7.2501 


81,888 
24.402 
25,060] 


84,802! 
20,222 


Mean. 


« 

s 

p 


7. 3101 
7.2427 
7. 3032+ 


7.2734 
7. 2471+ 

7.2640 


s 


82,402 

20,568+ 

83,806 


7.2742 


80, 152+ 
27,180+ 

30,514 


80,624 


*  Record  of  teats  not  yet  received. 
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SECTION  I.— BRBBCH  SECTION. 


PoaitioiiB  of  specimens. 

Marks 

on  speoi- 
moD. 

Density. 

Tenacity. 

\.       u»       y 

Diagram  of  fitoe  toward  the 
moEile. 

IT 

V 

W 

•      X 

T 
Z 
0 

7. 1838          80.725 
7.2725          27,661 
7.3201          3i.288 
7.8172          38,257 
7.2711          29,299 
7.32S7          35,156 

Mean... 

7.28165 

81,780 

r 

X 

n 

t 

\ 

1 

\t 

^ 

1 
I 

1 
1     - 

Diagram  of  10-inoh  rifle,  showing  method  of  entting  np  and  taking  ipeeimeBS. 
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Appendix  33. 


THE  SHRINKAGES  AND  THEORETICAL  RESISTANCE  OF  S- INCH  EXPERI- 
MENTAL STEEL  BREECH-LOADING  RIFLE  NO.  1,  DOUBLE-HOOPED. 

Bt  Likut.  Rogers  Birnib,  Jr.,  Ordnanck  Department,  U.  8.  Armt. 

(1  plate.) 

CONTENTS. 

Fonnaln:  For  applioation  with  four  concentric  cylinders. 

For  application  with  three  concentric  cylinders. 

For  applioation  with  two  concentric  cylinders. 
Section  of  the  powder  chamber: 

First  method  of  solution — state  of  action  considered. 

Second  method  of  solution— state  of  rest  considered. 
Section  of  trunnion  hoop. 

Section  between  powder  chamber  and  trunnion  hoop. 
Section  over  breech  of  tube. 
Section  of  the  breech  (screw  recess). 
Effect  of  the  single  hoop  A 13. 
Section  through  hase  of  hoop  Ai. 
Section  through  shoulder  on  jacket. 
Section  through  front  (within  face)  of  Jacket. 
Section  through  middle  of  D  row  of  hoops. 
Section  through  base  of  C  row  of  hoops. 
Section  near  muzzle  end  of  C  row  of  hoops. 
Resistance  of  nnhooped  portion  of  gun. 

Summary  table  of  values  of  constants  and  results  of  computations. 
Longitudinal  resistance. 

Section  over  breech  of  tube. 
Changes  in  length  of  tube  and  Jacket  due  to  shrinkage. 

The  shrinkages  to  be  used  -in  the  actual  construction  of  this  gun^form 
the  principal  part  of  the  subject,  these  shrinkages  being  so  arranged  as 
to  give  a  maximum  value  for  the  resistance  of  the  gun  to  an  interior 
pressure,  except  at  certain  points  within  the  length  of  the  hooping 
where  a  satisfactory  resistance,  less  than  the  theoretical  maximum,  maj 
be  utilized,  and  where  this  factor  becomes  subservient  to  other  necessary 
considerations  involved  in  the  construction. 

We  begin  with  the  gun  already  designed,*  and  having  the  form  and 
dimensions  given  in  the  figure.  (See  plate.)  The  computations  here- 
with depend  upon  those  fixed  dimensions  and  the  constant  values  rep- 
resenting the  physical  qualities  which  have  been  determined  for  the 
metals  to  be  used  in  the  construction  of  the  gun  by  extended  tests  of 
8X)ecimen8  taken  from  the  steel  forgings.  For  a  complete  adjustment 
of  the  shrinkages  it  has  been  thought  proper  to  discuss  their  values  in 
ten  sectional  planes  (see  plate)  intersecting  the  axis  of  the  bore  at 

*  The  design  of  this  gnu  was  completed  in  the  Bureau  of  Ordnance,  under  the  direc- 
tioD  of  the  Chief  of  Ordnance,  U.  S.  Army. 
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right  angles  through  the  hooped  portion  of  the  gun.  The  section  of  the 
powder  chamber,  being  the  most  important,  is  first  considered,  and  the 
remaining  sections  are  taken  up  in  the  order  given  hereafter. 

Advantage  is  talcen  of  the  practical  knowledge  obtained  in  the  ex- 
perimental hooping  test  of  a  compound  cylinder  representing  the  cham- 
ber section  of  this  gun  (see  Notes  on  the  Construction  of  Ordnance, 
No.  32),  namely,  the  formulae  here  used  are  the  same  as  those  which 
gave  such  satisfactory  results  in  that  test;  and,  having  in  view  the 
degradation  of  the  physical  qualities  of  the  hoop  metal  subsequent  apoD 
that  test,  we  here  use  appropriately  reduced  values  from  those  repre 
senting  the  extreme  elastic  properties  of  the  hoop  metals,  and  make  a 
greater  reduction  for  the  outside  hoops  than  for  those  which  have  an 
exterior  support  in  the  structure. 

The  methods  of  computation  used  are  an  extension  of  those  given  in 
Notes  on  the  Construction  of  Ordnance,  No.  31.  Wishing,  however,  to 
avoid  the  intricate  solution  of  the  problem  for  **  finding  the  maximum 
pressure  that  can  be  supported  (and  all  the  conditions  of  state)  in  a 
gun  assembled  (or  assumed  to  have  been  assembled)  wiih  arbitrary 
shrinkages,"  as  given  in  Part  II  of  that  Note,  we  have  here  been 
enabled  to  substitute  abridged  methods  of  solution  by  considering 
primarily  the  slate  of  the  system  at  rest.  This  is  the  state  of  the  system 
which  is  actually  involved  in  the  construction  of  the  gun,  and  thron^h 
the  formulas  given,  supposing  a  given  compound  cylinder  actually 
assembled  with  known  shrinkages,  we  may,  by  measuring  the  actnal 
compression  of  the  bore  of  tube  from  the  original,  arrive  at  a  com- 
plete solution  of  the  condition  of  the  system  for  any  state  whatever. 
Eeadily  obtainable  data  is  thus  made  available,  which  is  not  so  if  the 
theoretical  discussion  be  limited  to  a  consideration  of  the  state  of  action. 
The  pressures  incident  to  the  state  of  action  are  available  only  to  be 
considered  as  theoretical  values  which  should  produce  a  certain  theo- 
retical effect.  We  assume  always  that  the  theory  is  true,  but  we  now 
wish  to  abridge  the  methods  of  computation,  and  at  the  same  time  ba.se 
them  upon  data  which  becomes  of  practical  application  in  the  case  of  a 
gun  or  compound  cylinder  already  assembled. 

The  discussions  will  be  found  strictly  confined  to  the  principles 
enunciated  by  Clavarino,  page  7,  Notes  on  the  (construction  of  Ordnance, 
No.  6,  viz  :  '*  The  cylinder  must  be  considered  as  having  reached  tlie 
limit  of  elasticity  when,  from  the  effects  of  all  the  forces  acting  upon 
any  one  of  its  fibers,  it  undergoes  an  elongation  or  a  conti*action  equal 
to  that  which  takes  place  in  the  mechanical  tests  respectively  of  trac- 
tion and  compression ;  ^  that  is  to  say,  the  forces  acting  upon  the 
elementary  cylinders  composing  a  section  of  the  gun  will  be  limited 
so  that  their  combined  effect  shall  not  produce  an  elongation  or  con- 
traction of  any  fiber  in  excess  of  the  safe  limits  determined  for  such 
displacements  by  the  mechanical  tests  of  the  metal.  The  system  will 
therefore  be  arranged  to  work  within  the  elastic  limit  of  the  element- 
ary cylinder  which  is  most  severely  strained  in  each  separate  section. 
In  this  gun  the  tube  will  be  found  to  constitute  the  vital  cylinder  (as 
regards  tangential  resistance)  until  we  pass  forward  into  the  D  and  G 
rows  of  hoops,  where  the  hooping  becomes  relatively  light  for  the  tnbe 
and  the  tangential  resistance  of  the  gun  becomes  dependent  upon  a 
suitable  working  tension  for  the  outside  row  of  hoops.  Throughout  the 
whole  of  the  hooped  portion  of  the  gun  the  tube  will  be  found  theo- 
retically weakest  under  radial  compression ;  that  is,  it  will  reach  the 
elastic  limit  in  this  direction  before  the  full  elastic  tangential  extension 
of  the  cylinder  is  developed.    The  same  is  true  of  the  jacket  except  for 
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e  threaded  portion  near  its  muzzle  end,  whilvSt  on  the  other  hand  the 
fety  limit  for  all  the  hoops  is  Hrst  reached  under  the  tanpjential  ten- 
on to  which  they  will  be  subjected  with  the  system  in  action. 

FORMULAS. 

Taking  the  general  case  of  four  cylinders,  if  the  sj^stem  be  considered 
I  aciinn^  the  pressures  which  determine  the  elastic  limit  of  the  sepa- 
ite  elementary  cylinders  in  the  combined  system  will  be  derived  from 
ie  following  (see  formulas  [27)  Notes  on  the  Construction  of  OrdnancCi 

>  o.  4 ) : 

P,    =  ?  4^^'~^\i^«     C  '^'"  *''**  *^"""^  cylinder. 

*»    -  4  1{,»+I{2'  S.  for  the  tliird  cylinder. 

P  (»  _3  (Ra'-K,')  l^r  +  3  K,«  P' 
•    -  4  1V-K,' 


(1) 


.V  p.(.)=3(R'.-IV)g.+  5R.'P. 

4  H,»+  K,' 

3(R,*-Ri')o,+  3R,'P. 

4R,'+Ri' 

3  (R,'- 


for  tbe  second  cylinder. 


P,<"  = 


P,<" 
Po<" 


3(Ri'-R.'  <?.  +  5R,'P,  ] 


^  3  (R,'-  R,')  0.+  3  R,'  P, 
4  K,'-1V 


for  the  first  cylinder. 


1 


The  system  bein^^upposed  assembled,  the  values  for  variations  of  the 
pressures,  or  for  the  transmitted  pressures  which  vary  in  unison,  will 
be  derived  from  the  following  general  equations  of  equilibrium  here  re- 
duced to  their  simplest  forms  [see  formulas,  page  18,  Note  7] : 


1>3= 


6  R,«  E,  (R4'-R3') 


ivPf=api 


(2)  J  «  = 


^ 5  K,«  E,  (Ra'-R,') _. 

E,(R3«-K,«)4Ki«+lV)+E,(H,«-lV)[(4R3«+R,')-5R3»a]^'~'*i 


5  Ro»  E|  (R,'~Ri') _ 

^^-E,(R,«-R,«)(4Ro'+K,')  +  Eo(Ri'-lV)[(41V+Ki«)-5R,»6]^o-^* 

If  in  tbelastof  the  above  equations  we  substitute  |)^=—Po,  or  the  value 
j  of  the  internal  pressure  derived  from  formulas  (1),  we  will  obtain  the 
relief  of  pressure  on  exterior  of  tube  upon  the  supposition  that  the 
fejKtem  has  been  assembled  with  shrinkages  computed  from  the  set  of 
vahies  P01  Pi,  Pfi  and  P3,  and  that  the  state  of  action  has  been  changed 
to  that  of  rest.  The  }>ressure  on  exterior  of  tube  for  the  state  of  rest  or 
■Xht  initial  compression  is  then  given  by  the  algebraic  sum  Pi-f|)|,  in 
which — 

(3) Pi  =  o—To 

4625  OED 23 


i 
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The  elastic  limit  of  the  tube  id  the  state  of  rest  will  be  exceeded  if 
that  sum  is  greater  than 

3  (R,»-Eo»)po 


(4) 


{^i+Pi)= 


5R* 


aud  in  that  .case  the  shrinkage  values  above  indicate4l  would  be  too 
great,  and  the  originjil  values  Pq,  Pi,  &c.,  may  not  be  taken. 

The  value  for  the  internal  pressure  which  will  preserve  unimpaired 
the  elasticity  of  the  tube,  both  for  the  state  of  action  and  of  rest,  will 
be  obtained  from  the  following:* 


(5) 


p_     „24R,«jR,V-Ro«)^po_ 
'    6  R|*~[(4  Ri»-  IV)  -  3  H^c] 


and  the  dependent  value  for  P^  from  the  following  [equation  (4)  Part  1, 
Note  31] : 

,fix                            p  _3  (R,«-Ro*)  Po+^  R,'  c  Po 
W ^1 5Ri« 

Equation  (5)  may  be  used  for  determining  the  limiting  value  of  the 
internal  resistance  whenever  the  tube  constitutes  the  vifcil  cylinder,  L  e., 
when  the  elastic  resistance  of  the  gun  section  is  limited  by  that  of  the 
tube.  And  such  value  of  P©  with  the  dependent  value  of  Pj  from  equa- 
tion (6)  will  be  used  as  the  adjusted  values  for  these  pressures  with  the 
system  in  action.  The  original  values  for  P,  and  P3  may  or  tuay  not  be 
readjusted,  depending  upon  circumstances.  They  cannot,  however,  be 
increased,  since  they  represent  the  maximum  values  possible  tor  those 
pressures. 

For  the  special  case  where  the  initial  compression  of  the  tube  for  the 
system  at  rest  is  given,  the  value  for  the  internal  pressure,  which  will 
determine  the  elastic  strength  of  the  tube  for  the  state  of  action,  will  be 
derived  as  follows :  Designating  this  pressure  by  P/,  we  have  from 
equation  (3) 

Pi"=Pi+i>i=Pi-cPo 
from  which 

(7) .    P»=P/+cPo 

which  being  combined  with  the  last  of  equations  (1)  gives: 


(8) 


P  ,(3R,'-Ro')Po+3R.'P/ 
°        (4R/-Ro«)3-R,«c 


in  which  P/  is  equal  to  Fi+p^.  But  the  value  of  the  internal  resistance 
thus  determined  may  be  found  incompatible  with  the  safety  of  one  or 
more  of  the  outer  cylinders,  and  in  that  case  will  require  further  modi- 
fication. 

The  initial  compression  of  the  system  refers  to  the  values  of  the  sev- 
eral normal  pressures  in  the  state  of  rest. 

Call 


Vi+pi  =  P/ 


Pa  +  i>2  =  Pa' 


P3  +  P3  =  P3' 


*  The  equatioD  is  derived  by  combining  the  value  of  Pi  from  equation  (4)  with  same 
from  equation  (3),  Note  31 ;  it  presupposes  that  the  tube  wUl  fail  ander  radial  com- 
pression. 
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The  values  ot*  Po,  Pi,  Pa,  and  P3  being  known,  those  of  P/,  P^',  and 
Pj'  will  be  derived  as  follows : 


(9). 


|?i  =  —  c  P( 


Pa  =  —  api 


Pi  =  —bpi 

(10)  .     .  P/  =  Pi  +  p,         VJ  =  P,  •+  Pa        P/  =  P3  +  P3 

Or,  conversely,  if  we  have  given  the  values  P/,  Pj',  and  P3',  those  of 
?,,  P„  and  P3  will  be  derived  by  the  use  of  equations  (9)  in  connection 
with —  . 

(11)  .     Pi  =  Pi»-pi  Pa  =  P/— Pa  P3  =  P3'— 1>3 

The  shrinkages  will  be  the  same  whether  computed  by  the  values  of 
the  pressures  incident  to  the  state  of  action  or  those  belonging  to  the 
state  of  rest ;  the  use  of  the  latter,  however,  abbreviates  the  work  and 
enables  one  to  make  a  more  ready  adjustment  of  the  shrinkage  values 
in  case  of  necessity. 

To  compute  the  shrinkages  from  the  pressures  incident  to  the  state 
of  action,  we  have  the  following  formulas: 

(4  Ro' +  Ri')  Pi  -  5  Ro»  Po^  (4  Ra^  +  Ri«)  P,  —  5  R,«  P, 

(12)  .     <pi= — 


3  (lii'  —  Ro*)  Eo 


3(1V  — Ri')JBi 


(13)  .  <p%^ 
in  which 


(4  R,»  +R3«)  P,  —  5  R,»^     (£R3»+Ra*)  Pa  —  6  R3*  P3 

"T" 


3*(R,»  — R,2)E, 


3(K,»  — R»»)B, 


5  Ro»  B,  (B,»  —  B,»)  P«  +  5  Rj*  Eo  (R,»— R,»)  P, 


<"^^-~-P'-  E,  (R,»— R„')  (4  R,»  +  R.»)  +  E,(R,»— K,»)  (4  K««+B,«) 
(15)    .    .     . 

in  which 
(16)/=-j>.= 


_  _(4  R.»+R3«)  P3—  5  R.V .  4  (R4'+R3')  P3 
^  3,(R,'  — R,')  E,       "'"3(R,'-R,')E3 


5  R,'  E,  (R,'— B.')  d+5  R»'  E,  (B,'— R,')  P, 


vith 


(17). 


E,(R,'-R,')  (4R,'+R,')+E,  (Bj'-R,')  [(4  R,'+R,')  _  5  B.'a' 

i^ 5R,»E,  (R.'  — Ri»)P. 

E, (K,'-R,')  (4 R,'+B,')+E, (K,'-R,')(4  R.'+Ri') 

, 5R.'E.(Ri'— R.») 

*  -B,(R,'— R,')(4B,'+K,')+  E,(B,'— R,')(4B*'+R,') 

The  secoDd  members  of  equations  (12),  (13),  and  (15)  may  be  replaced 

collectively  or  separately  by  the  respectiTe  quantities  W  >  -jr>  and  -4-»  if 

we  use  the  values  Pj,  P,'",  and  Pi'",  or  either  of  them  as  originally  de- 
dnced  by  the  application  of  formulas  (1)  (see  middle  of  page  5,  Notes  on 
the  construction  of  Ordnance,  No.  7). 

To  compute  the  shrinkages  from  the  pressures  incident  to  the  state  of 
rest,  we  have  the  following  formulas : 

m  a,  _(4  R.*+R.')  P/^(4  R,'+Ri')  P/-5  B.'P/ 

'   '    *    •  '^'~3(Bi'— lV)Bo  3(R,'  — R,')B, 


(19) 


^_  (4B.'+R,')P/-5R.'j>/.(4  R,'+R.')  P.'  —  5  R,»  P,' 


3(R,»  — E,«)Bi 


3  (Ra*  —  B,»)  B, 
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in  which 


5  R.«  E„  (B,'  —  B„') ^    , 

(20)  .  !>. -e7(E,'-R;h4  IV+1V)+K.  {fi»*-  B.')  (4  B.'+R,')*^' 

(4  R,«+R,»)  P,'  —5  RAP.'    (IRAtM^i 


*^=        3TE3'  — R,'jE,      "^3(li4'— Kj'jK, 


(21)  .    . 
in  whicli 

(22)  P/=Kr(lV-K|*)(4H3^+iV)+l^.(lV-lV)[(4H,*+Kt')-5R 

and  in  this  6'  is  the  equivalent  of  the  fractional  coefficient  of  P,'  in  equa- 
tion (20). 

In  the  above  equations  the  shrinkages,  represented  by  <7>i,  <p,,  and  ^j, 
may  be  considered  as  the  unknown  quantities,  or  if  they  be  given  with 
any  one  of  the  remaining  quantities  P/,  P,',  P3',i)/,  or  p/;  these  latter, 
«u|)i>o8ed  unknown,  may  all  be  determined. 

Through  this  merh<Ml,  if  we  have  given  the  shrinkages  actually  used 
hi  the  constructi(m  of  a  gun,  and  have  measured  the  compression  of  the 
bore,  a  com|)lete  analytical  discussion  of  the  construction  may  be  made. 
The  equation  involving  the  compression  of  the  bore  enables  us  to  deduce 
the  value  of  P/;  thus  if  in  equation  (4)  we  place 


we  find 
(23)     . 


Po=^'^  Eo  and  (P|+i)»)^'^=  P/. 


3(Ri»-Ro»)Eo    JBq 
^»-  6R,»  R, 


Then  equations  (18)  to  (22),  the  values  of  P/  and  Ps^,  may  be  deduced, 
and  with  these,  through  equations  (8),  (9),  and  (11),  we  may  pass  to  the 
values  of  the  pressunes  that  the  system  will  support  in  action. 

The  tangential  compression  of  the  bore  is  an  important  faetor  in  the 
adjustment  of  the  shrinkages.  Knowing  the  physical  qualities  of  the 
tube  metal,  and  guided  by  other  considerations,  we  can  in  general  as* 
gnme  an  appropriate  value  for  this  factor  in  a  theoretical  discussion  aud 
tlien(*e  derive  the  value  of  P/  from  equation  (2.^).  We  may  thence  pro- 
ceed to  determine  the  appropriateness  of  any  given  set  of  shrinkages  to 
the  section  of  the  gun  under  consideration,  as  in  the  practical  method 
described  above,  in  the  yun  of  which  we  treat,  for  example,  we  wish 
to  preserve  the  shrinkages  for  each  cylinder  or  row  of  hoops  as  nearly 
alike  as  possible  for  given  lengths,  although  the  radii  of  the  elementary 
cylinders  in  the  sections  considered  may  be  different;  again,  whilst  ad- 
mitting all  possible  tangential  compression  of  the  bore  in  the  section  of 
the  powder  chamber,  we  wish  this  compression  to  show  a  curve  of  grad- 
ual decrease  from  the  chamber  section  forward  nntil  it  passes  to  nothiug 
upon  emerging  from  under  the  hoope<l  portion  of  the  gun. 

If  P/,  the  exterior  pressure  upon  the  tube,  be  given,  the  tangential 
compression  of  the  bore  for  the  state  of  rest  becomes  known  from  the 
following  equation,  derived  Iroin  (23),  vjz : 


(24) 


JB, 


0. 


5  R,2  P/ 


Ro  3  (Ri«-IV)  Eo 


With  Po  and  P]  known,  the  tangential  extension  of  the  bore  for  the 
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sUte  of  action  will  be  derived  from  tbe  following  (page  13,  Notes  on  the 
CoD8truetion  of  Ordnance,  No.  6) : 

J  Ro     (4Ri»+Ro')Po--5Ri«Pi 
....        Ko  - 


(25) 


3  (Ki»-lV)  Eo 


and  the  radial  compression  of  the  wall  of  tul>e  by  means  of  the  follow- 
ing (page  14,  same  Note) : 

dJRo    (4  Ri^-Ro')  Po-3  Ri»  P, 
rflio"" 


(26) 


3  (Ri»-Ro*)  Eo 

To  deduce  the  working  tension  of  the  outer  hoop  when  P3  Is  known, 
we  have,  from  the  first  of  formula  (1),  the  following: 

^^  ' '"   3(R4*-R30 

The  corresponding  tangential  tension  will  be  proportional  to  the  safb 
tension  and  corresponding  extension  as  originally  determined  by  the 
te8ts  of  detached  specimens.* 

If  the  shrinkages  are  computed  by  formulas  (12)  to  (17)  inclusive, 
which  apply  to  the  state  of  action,  we  will  obtain  from  the  two  terms 
which  compose  the  second  members  of  equations  (12),  (13),  and  (15)  the 
nniuerical  values  of  the  displacements  of  metal  which  occur  at  the  con- 
tact surfaces  of  the  elementary  cylinders  for  the  state  of  action;  the  fir^k 
term  stands  for  the  tangential  compression  of  the  exterior  surface  of 
the  inner  cylinder  (an  extension  if  the  value  is  negative)  and  the  see- 
oud  term  for  the  tangential  extension  of  the  interior  surface  of  the  outer 
cylinder.  On  the  other  hand,  if  we  compute  the  shrinkages  by  forma- 
las  (18)  to  (22)  inclusive,  which  apply  to  the  state  of  rest,  the  numerical 
Vtilues  of  the  two  terms  which  compose  the  second  members  of  equa- 
tions (18),  (19),  and  (21)  will  represent  the  corresponding  displacements 
of  metal  for  the  state  of  rest.  Each  shrinkage  is,  in  either  case,  equiv- 
alent to  the  algebraic  sum  of  the  displacements  named,  and  such  alge- 
braic sura  is  theoretically  the  same  whatever  may  be  the  state  of  the 
system  considered.  Again,  the  second  terms  of  the  equations  named 
may  be  used  separately  to  find  the  state  of  strain  existing  at  tbe  in- 
tATior  surface  of  any  one  of  the  elementary  cylinders  either  for  the  state 
of  action  or  of  rest. 

APPLICATIONS. 


Section  over  powder  chamber. 


/3b= ^0=22.143  p,  =  6>, =20 

fo=0.0016  f,=0.00I445 

Bo=Bi=l3,840 
Rti=4.75  Ri=7.0  Rsi=ll 


^.=22.32 


^2=24.28 
fa=rO.(>l)l7  f3=0.0015(>25 

E2=E3=14,286 
R3=  13.16  R4=15.76 


First  values  for  the  normal  pressures^  system  in  auction, — By  applying 
formulas  (1)  we  obtain: 

P3  =  4.3185  tons  per  square  inch. 
P2<^^=  9.2492  tons  per  square  inch. 
P,*  =17.0493  tons  per  square  inch. 
Po^«'=25.0843  tons  per  square  inch. 

'Thft  precedioj;  formulas  apply  generally  to  a  coiiiponnd  cyliiidorcoiiipost*(l  of  fonr 
elementary  cylioders,  but  the  system  of  notation  employed  admits  of  tbeir  ready  ap- 
plication to  a  smaller  number. 
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Values  for  variations  of  pressure,  system  Orssembled. — By  applying  for- 
mulas (2)  we  obtaiu : 

|)3=flp,;  log.  fl=(9.6167878)* 
P2=bpi;  log.  ^=(9.4215663). 
Pi=cpo',  log.  c= (9.6 109467). 

Trial  value  for  initial  compression  of  tube. — By  applying  formalas  (3) 
and  (4)  saccessively  we  find : 

Pi=-.c  Po=— 10.24'4  tons 
P,+jt>,=17.6493-10.24l4=7.408 

(Pi+l>ir^^=7.168. 

Hence,  the  excess  of  the  pressure  upon  the  tube  system  at  rest  would 
be  0.24  of  a  ton  per  square  inch  if  we  should  adopt  the  first  values  of 
Po,  Pi,  P2,  and  P3,  as  above. 

Safe  value  for  the  internal  pressure, — Applying  formula  (5),  we  obtain 
a  value  for  Po  which  will  insure  the  safety  of  the  tube  for  sdl  stat^"^  of 
the  system,  viz : 

Po=24.7741 

and  the  dependent  value  of  Pi  from  equation  (6)  becomes: 

P,= 17.2827. 

The  original  value  of  P^  and  P3  being  safe  for  the  hoops,  we  may  y»re- 
serve  them,  remarking,  however,  that  the  eflfeetof  this  will  be  to  increase 
the  relative  value  of  the  two  outer  shrinkages  (E*®  and  Pi  having  been 
reduced),  but  the  resistance  of  the  ja<5ket  cylinder  to  compression  will 
be  called  into  play  to  protect  the  tube  from  overcompression  in  the  state 
of  rest. 

The  shrinkages  computed  for  the  state  of  action. — Using  the  values  for 
the  pressures  indicated  above  and  applying  formulas  (12)  to  (17),  in 
elusive,  in  which,  since  P2  and  P3  retain  their  original  values,  we  may 

replace  the  second  members  of  equations  (13)  and  (15)  by'  -^  and^^ 

Jit        iij 

respectively,  we  find : 

<p,= -0.00035368+0.00120962=0.00085594 
log.  ^=(1.1607037) 

ipj= -0.00020576+0.001 7=0.001494 
log.  a'=(9.8216482);  log.  ci=  (0.9213601);  log. /=  (0.7532028) 

^3=  -0.00026534+0.0015625=0.001 2972 

Pressures  incident  to  the  state  of  rest — We  retain  the  last-named  valnes 
for  Pj,,  Pi,  P2,  and  P3,  and  by  applying  formulas  (9)  find : 

|)i= -10.1145  i?2=-2.67  |?3=-1.104W. 

and  from  formulas  ( 10) : 

P/=Pi+p,=17.2827  -10.1145  =7.1682 
P2'=P2+j?.,=  9.2492  —  2.67  =6.5792 
P3'=P3+2>3=  4.31864-  1.10184=3.21362 

The  value  of  P/  representing  the  pressure  acting  on  the  exterior  of 
the  tube  is,  as  it  should  be,  the  same  as  the  value  of  ( Pi +;>iy*' derived 
by  a|)plyiug  equation  (4). 

*  To  abbreviate  the  work,  the  valuer  of  quantities  will  freqaently  be  expressed  by 
tbeir  logarithms  written  in  brackets. 
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The  shrinkages  computed  for  the  state  of  rest — Substituting  the  values 
fonud  for  P/,  IV?  and  P3'  in  equations  (18)  to  (22),  inclusive,  and  reduc- 
ing, we  find : 

^  1 =+ 0.00090939  -  0.00005345 =0.00085594 

log.  i>/ =(0.0398213). 

y,=s:+0.000340073+0.00115416=0.00U94 

log.  [^=(9.8216482) ;  log.  i>,'= (0.4764026). 

f3=+0.0001344+0.0011628=0.0012972 

or  the  values  for  the  shrinkages  are  identical  with  those  obtained  by 
the  preceding  method. 

To  illustrate  the  significance  of  the  numerical  values  composing  the 
two  terms  of  each  of  the  shrinkage  values  as  before  indicated,  we  may 
>n-ite  from  them  the  following,  which  represent  the  tangential  displace- 
meuts  of  the  fibers  of  metal  expressed  in  thousandths  per  linear  unit: 


•^ 


Af  exterior  of  tube -0.90939 

At  interior  ofjjicket -0.05345 

At  exterior  of)aoket -0. 340078 

At  iDteriur  of  inner  hoop +1' l-'^l^ 

At  exterior  of  inner  lioop i  —0. 1344 

At  interior  of  outer  hoop '  -|-1. 1628 


System  at     System  in 
rent.  aotion. 


+0. 35368 
4-1. 2096i 
- -0.20576 
--1.70 
- -0.26534 
-  -1. 6625 


The  negative  values  represent  compressions  and  the  positive  values 
extensions;*  where  the  sign  of  the  first  term  in  the  values  ((p)  was  posi- 
tive it  becomes  changed  to  negative  and  the  reverse. 

Action  of  the  bore  of  tube, — We  have  P/=7.168  tons,  and  by  formula 
(24)  iiud  that  the  tangential  compression  of  the  bore  iu  the  state  of 
rest  is : 


Ho 


0.0016 


or  the  same  value  as  that  which  we  have  assumed  to  be  safe. 

For  the  state  of  action  with  Pj,=24.774  and  Pi=17.283,  the  tangential 
extension  of  the  bore  derived  from  equation  (25)  is: 

^=0.0010754 

Finally,  for  the  radial  compression  of  the  wall  of  the  tube  in  the  state 
of  action,  equation  (26)  gives: 

^^«= -0.0016 
aKo 

which  is  again  the  same  value  as  that  assumed  to  be  safe  from  the  re- 
sults of  tests  of  detached  specimens  of  the  metal,  and  we  perceive  that 
the  system  is  arranged  to  work  so  that  the  tube  is  compressed  to  its 
elastic  limit  in  the  state  of  rest,  and  in  the  state  of  action  will  be  able 
to  support  an  interior  pressure  of  24.774  tons  per  square  inch  without 

•The  above  values  represent  the  actual  chauges  from  ori^iual  dimensiouH,  except 
for  the  exterior  of  jacket  and  inner  hoop,  for  which  the  values  represent  the  changes 
from  dimensions  **  prepared  for  shrinkage."  To  obtain  the  actual  state  of  change 
from  the  original  for  these  two  exterior  surfaces  we  must  take  into  c^>nsideration  the 
txtenmn  induced  by  the  original  assemblage  of  each  of  those  cylinders. 
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parsing  its  elastic  limit.  Under  tbe  same  circiimstanc<^s,  also,  the  elastic 
limit  of  none  of  the  remaining  elementary  cylinders  will  l»eexeee«iHl,a4 
is  shown  by  the  tabulated  values  preceding.  If  we  wished  to  exainiue 
the  action  of  the  jacket  in  respect  to  radial  compression,  system  iu  ac- 
tion, equation  (26)  would  be  applied  with  the  proper  changes  of  notalioD, 
but  in  this  gun  the  jacket  will  not  be  endangered  iu  that  way. 

Section  under  trunnion  hoop. 

yOo=  ^0=22.143  /Oi=<9i=20  ^,=24.28  ^3=16.0 

£,,=0.0016  61=0.001445        f,=0.0017  f3=0.0014933 

Eo=B,=13,840  E,=  14,286  £3=  10,714 

Eo=4.0  Ri=7.0  R,=  11.0  R3=13.15  K4=16.38 

F&st  values  for  the  normal  pressures,  system  in  action. — By  formulas  (I): 

P3  =  3.674  tons  per  square  inch. 
P,^*'=  8.5632  tons  i)er  square  inch. 
Pi<*5= 17.07685  tons  per  sc|uare  inch. 
P^<'^=26.1247    tons  per  square  inch. 

Variations  ofpressureSy  system  assembled. — By  formulas  (2) :     • 

P2=ap^  log.  a=(9.5882426) 

|),=6/?i  log.  6= (9.4074006) 

Pi^cp^  log.  c=(9.4460755) 

Trial  value  for  initial  compression  of  tube, — By  formulas  (3)  and  (4): 

Pi=-c  Po=-7.2967  P,+i?,  =  17.07685 -7.2967 =9.78 

(P,  4. 2>,)(») =8.9475 

hence,  the  dangerous  excess  is  equal  to  0.8325  of  a  ton  per  square  inch. 
Value  for  the  internal  pressure  based  on  safety  of  tube. — By  formula  (5): 

Po=25,14373 
and  the  dependent  value  for  Pi  from  equation  (6)  becomes 

P,= 15.9982 

Remarking  the  relative  weakness  of  tlie  trunnion  hoop,  we  must,  be- 
fore adopting  a  tinal  value  for  P^,  considt^r  what  will  be  the  effect  upon  the 
trunnion  hoop.  We  retain  the  first  values  for  P2  and  P3  which  are  cal- 
culated to  develop  the  full  elastic  strength  of  both  the  hoop  cylniders, 
and  seek  a  suitable  value  for  the  pressure  upon  the  interior  of  the  trun- 
nion hoop,  system  at  rest,  and  therefrom  determine  \%  hat  shrinkage  that 
hoop  will  bear. 

Pressures  incident  to  the  state  of  rest. — Retaiping  the  values  last  deduced 
for  Pq  and  Pi  with  the  original  values  of  P,  and  P3,  we  find  by  tbrmulas 
(9): 

l>i  =  — .  7.05065  p,  =  — 1.80187  1?3  =  —  0.698172  and  by 

formulas  (10): 

P/=P,4.2>,  =  15.9982— 7.05065=8.9475 
1V=  P,+p,=  8.5(i32  — 1.80187=6.76133 
P3'=P3+jt;3=  3.674  —0.698172=2.9758 

Whence,  with  the  system  at  rest,  the  trunnion  hoop  m;iy  bear  an  in- 
terior pressure  of  2.9758  tons  per  square  incli.  What  in  this  case  will 
be  the  value  of  ^3!    This  is  rea<lil3'  determined  by  computing  the  shrink- 
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age  for  the  8tat«  of  rest,  siuce  P3'  is  the  single  iiDknowu  quantity  io  the 
equations  to  beuBed. 
From  equation  (20)  we  find : 

log.  b'  =  (9.8899142) 

and  from  equations  (22)  and  (21) : 

log.  !>/  =  (0.4527687) 

and: 

(pt  =  0.00010736  +  0.0012095  =  0.0013169 

This  value  is  so  near  the  corresponding  one  (0.0012972)  deduced  for 
the  chamber  section  that  we  may  adopt  the  latter,  and  thus  favor  also 
the  trunnion  hoop.  Preserving,  moreover,  for  simplicity  of  construc- 
tion, the  remaining  shrinkajj:e8  found  lor  the  chamber  section,  what  will 
be  the  state  of  the  system  at  rest  and  what  interior  pressure  will  this 
section  support  in  the  state  of  action  ? 

The  values  for  the  shrinkages  are  as  follows : 

(^1=0.00085594  (6.9324433) 
^,=0.001494  (7.1743506) 
(^3=0.0012972     (7.1130069) 

The  pressures  in  the  state  of  rest  induced  by  these  shrinkages  will  be 
found  as  follows : 

By  substitution  and  reduction  equation  (21)  becomes:  ^ 

(a)  <p3=(7.1130069)=[(6.4701352)  P3'  — (6.4343765)  /?/ J +(6.6090165)  P, 

The  value  b'  deduced  from  equation  (20)  and  substituted  in  (22)  gives, 
after  reduction : 

(b) i>/= (9.9791550)  P3' 

and  by  combining  equations  (a)  and  (b)  we  deduce: 

P,'=  2.8313. 

with  P3'  and  <^,  given  by  a  similar  reduction  and  combination  of  equa- 
tions  (19)  and  (20)  we  obtain  : 

P/=  6.45884 

and  with  P,'  and  (pi  given,  we  find  from  equation  (18) : 

Pi=8.2931 

Final  value  for  the  internal  pressure, — With  P/  known,  the  application 
of  equation  (8)  gives  the  following  value  for  the  internal  pressure,  which 
will  determine  the  elastic  strength  of  the  tube.     We  find : 

•  Po=24.55145. 

The  remaining  pressure  for  the  system  in  action  will  now  be  found  by 
applying  equations  (9)  and  (11) ;  whence  : 

p,=  — cPo=  —6.85729     p,=  ^bp,^  — 1.75244     2?3=  —  fli>«=  —  0.633703 

and 

P,=P/— p,=8.2931  +6.85729  =15.15 
P,=P,'—i),=6.45.S84+ 1.75244  =8.21 
P3=P3'— jP3=2.9313  +0.633703=3.565 

The  values  present  a  uniform  reduction  from  the  first,  which  were  ob- 
tained by  the  direct  application  of  formulas  (1). 
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Working  tension  of  the  trunnion  hoop, — With  P3=3.565  this  tension  will 
be  less  than  the  value  assumed,  aud  by  formula  (27)  we  find  : 

^3=15.525  tons  per  square  iuch. 

Tangential  compression  of  the  bore  of  tubeSy  system  at  rest, — With  P/= 
8.2931,  formula  (2^  gives  : 


JR 


0= —0.001483 


The  preceding  adjustment  of  the  shrinkages  and  pressures  for  this 
section  gives  a  sufficient  value  for  the  internal  resistance  and  obviatei) 
unnecessary  strains  for  the  state  of  rest. 

SECTION  IN  FRONT   OF  POWDER  CHAMBER. 


^^=0.0016 


Ro=^0 


/),,=  ^,=22.143    p,  =  6',=20  (9,=24,28  ^,=22.32 

f,=0.00I445  f,=0.00l7  ^3=0.0015625 

Eo=E,  =  13,840  .         E,=E3=14,286. 

Ei=7.0        .      R,=:11.0  R3=13.15  R4=15.75 

This  section  being  between  that  of  the  powder  chamber  and  truDtiioo 
hoop,  we  should,  if  practicable,  use  the  same  shrinkages  as  for  those 
two  sections.  We  may  then  examine  the  state  of  the  system  at  rest  and 
the  pressures  which  it  will  support  in  action  if  assembled  with  the 
shrinkages. 

^,=0.00085694  ^,=0.001494  <^=0.0012972 

Variations  of  pressure^  system  assembled. — It  be^iomes  necessary  for  an 
examination  to  first  determine  these  values.  The  first  two  are  the  same 
as  for  the  chamber  section,  and  the  third  is  found  by  applying  the  last 
equations  (2),  whence  we  obtain: 

I?3=fl2?,  log.  a=(9.6167878) 

p,=Z>p,  log.  &=(9.4215663) 

p,=cp^  log.    c= (9.4496326) 

Pressures  incident  to  the  state  of  rest. — These  values  will  be  fonnd  as 
in  the  similar  the  case  for  trunnion  hoop  section.  The  value  of  y  de- 
rived from  equation  (20)  and  substituted  in  (22)  gives  an  equatioD  to 
combine  with  equation  (21).  The  resulting  equation  contains  the  single 
unknown  quantity  P3',  and  we  obtain : 

P3'=3.26014 

Then  with  P3'  and  (f^  given,  the  combination  and  reduction  of  equa- 
tions (19)  and  (20)  gives: 

.  P2'=6.77226* 

and  with  P,  and  <^i  given,  we  find  from  equation  (18) : 

P/=8.53816 

Pressures  incident  to  the  stute  of  action. — The  remainder  of  the  ele- 
mentary cylinders  will  support  all  that  the  tube  cylinder  can  bear,  and 
for  this  latter,  by  applying  equation  (8),  we  find  : 

Po=24.871 

Equations  (9)  and  (11)  serve  to  determine  the  remaining  values,  viz: 

Pi=-cPo= -7.0037  p,=  -^i= -1.8488 

j>3=  -  aiJg =— 0.765035 
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and 

Pi=P/-;)i=8.53816+7.0037  =15.542 
P,=P/-;>,=6.7722()+ 1.8488  =  8.621 
P3=P3'-j)3=3.26014+0.7C5035=  4.025 

The  valae  for  the  iDtornal  resistance  is  suitable  ;*  it  is  a  little  greater 
than  that  deduced  for  the  chamber  section. 

Working  tension  of  the  outer  hoop. — We  have  P3=4.025*ton8,  and  by 
applying  equation  (27)  find  : 

^3=20.806 

which  is  ]#ss  than  the  corresponding  tension  (22.32  tons)  for  the  outer 
hoop  of  the  chamber  section. 

Tangential  compression  of  the  bore  of  tubcy  system  at  rest — With 
Pi'=8.53816,  formulas  (24)  gives  : 


=  -0.0015268 


Section  near  breech  of  tube. 

p,=  ^^=22.143                pi  =  /9i=20  (9,=24.28                ^3=22.32 

£,=0.0016              f, =0.001445  ^2=0.0017             £3=0.0015626 

Eo= El =13,840  E,=B,=  14,286 

Kp=4.75            Ri=6.5            R,=11.0  R3=13.15            R4=15.76 

First  values  for  the  normal  pressures,  system  in  action. — The  values 
P3  and  P,  will  be  the  same  as  for  the  chamber  section,  and  for  the 
others  we  apply  formulas  (1) ;  whence: 

P3=4.31846  P,=9.2492  Pi^»5=18.2964  Po<«^=24.7674 

Variations  of  pressure,  system  assembled. — By  applying  formulas  (2) 
(log.  a  having  the  same  value  as  for  the  chamber  section)  we  find  : 

P2t=zap2  log.  a=(9.6167878) 

P2=l^i  log.  6=(9.3432590)- 

Pi=cpo  log.  c=(9.68926423 

Trial  value  for  initial  compression  of  tube. — By  formulas  (3)  and  (4) : 

lh=  —  c  Po=  — 12.11  P,+|>i= 18.2964— 12.11=6.1864 

(Pi+l>i)  ^  =6.19083 

or  there  is  a  slight  excess  on  the  side  of  safety,  so  that  we  may  use  the 
first  values  for  the  normal  pressures. 
Pressures  incident  to  the  state  of  rest. — By  formulas  (9)  and  (10) : 

!>,=— c  Po=— 12.11  2>2=— *!/>!=— 2.66934 

P3=—a;)2=  — 1.10457 
and 

Pi'=P,+Pi=18.2964  —12.11       =6.1864 
P2'=P,+jP2=  9.249  J   —   2.66934=6.57986 
P3'=P34.2>3=  4.31846—    1.10457=3.21389 

Value  ofthe^rst  shrinkage. — With  the  given  values  of  P/  and  P3'  we 
find  by  formu^  (18) : 

9>i =0.00100283  —  0.00022232 = 0,00078051 


•By  the  direct  application  ot'  furiuulas  (1)  we  would  find  Po(^)=  26.65  tons  per 
square  inch. 


«i^ 
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Further  examiuation  would  Rhow  the  values  of  qf^-^nd  ^  to  be  oo 
the  other  hand  slightly  larger  than  the  corresponding  values  for  the 
chamber  section,  but  they  may  be  us(h1  with  propriety  as  they  stand. 

We  have, then  to  examine  the  condition  of  the  section  if  assembled 
with  the  following  shrinkages,  viz : 

^=0.00078051  ^,=0.001494  ^=0.0012972 

Pressures  incident  to  the  state  of  rest, — Under  these  new  conditions  the 
values  of  Ps^  P/,  and  P]^  will  be  found  as  in  the  two  preceding  cases  by 
applying  formulas  (22)  to  (18)  inclusive,  whence  we  obtain : 

P3'=3.2137  P/=6.57868  Pi'=6.18415 

Pressures  incident  to  the  state  of  action.  —Since  the  value  P/  is  slif^htlj 
reduced,  that  of  Pq  will  also  be  reduced  from  the  first  value ;  and  since 
the  values  P/  and  P3'  are  also  smaller,  we  know  that  those  of  P^  aod 
P3  will  not  reach  the  first  values  with  Pq  acting ;  hence  whatever  preng- 
ure  the  tube  can  support  will  be  safe  for  the  system.  By  formula  (8) 
we  fiud : 

Po=24.764 

and  through  formulas  (9)  and  (11) 

Pi=  — c  Po=— 12.1084  /^i=—6pi=— 2.66898 

ji3= —ap2=:— 1.10442 

Pi=P/-Pi=6.18415+ 12.1084  =18.293 
P2= Pa' -P2= 6.57868+  2.66898=  9.248 
P3=P8'-P3=3.2137  +  1.10442=  4.318 

or  the  values  for  the  normal  pressures  iu  the  state  of  action  are  prae- 
tically  the  same  as  the  first  values. 

Tangential  compression  of  the  bore  of  tubCj  system  at  rest. — With  P/  = 
6.18415,  equation  (24)  gives  : 

JR. 


Ko 


0  = —0.0016983 


Action  of  the  interior  of  jacket. — With  the  system  in  action  the  jacket 
cylinder  may  be-subjected  to  the  pressures  Pi  =  18.293  and  P2  =  9.248, 
under  which  the  tangential  extension  of  its  interior  would  be  [last  term 
of  equation  (12)] : 

JR,       (4R92+  Ri'')Pi— 5  R2»  P2       0  0012.^^ 
k,    =      -  3  (R,*  -  R,^)  El       ~  ^  0.0012^ 

With  the  system  at  rest  the  given  shrinkages  will  produce  a  tangen- 
tial compression  of  the  interior,  which  we  find  by  substituting  the  val- 
ues of  Pa'  and  P2'  for  Pi  and  Pa  in  the  equation  above  [or  use  the  last 
term  of  equation  (18)],  whence : 

-,-^^  =  —0.000222 

Ri  A 

The  above  values  show  t'ue  range  of  the  movement  of  intertor  of  jacket 
from  one  extreme  state  of  the  system  to  the  other. 

Section  around  the  breech-screw. 

p^^  00  =  20  ^1  =  24.28  (92  =  11.32 

^^  =  0.001445  fi  =  0.0017  ^,  =  0.0015625 

Eo  =  13,840  10,  =  Ea  =  14,286 

Ro  =  5.5  Ri  =  11.0  Ra  =  13.15  R3  =  15.75 
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The  jacket  constitutes  the  intenor  cylinder  of  this  section  ;  the  pow- 
der pressure  does  not  act  within  it,  and  the  normal  i>ressure  produced 
by  the  rearward  pressure  of  the  breech-block  on  the  inclined  face  of 
the  thread  will  be  relatively  small  in  amount.  The  shrinkages  will 
then  turn  principally  upon  the  pressures  incident  to  the  state  of  rest 
and  the  tangential  compression  of  the  fibers  at  the  iuteiior  of  jacket  or 
bottom  of  threads  and  sectors. 

In  this  case  we  have  a  system  composed  of  but  three  elementary  cyl- 
inders, and  in  place  of  formulas  (1)  we  use  the  following  to  find  the  val- 
ues of  the  normal  pressures  calcuhited  to  determine  the  elastic  limits  of 
the  elementary  cylinders  of  the  combined  system  for  the  state  of  ac- 
tion, \iz : 

'     Pj  =  — X  ij  a  .   i> —  \  for  the  third  cylinder. 


4  IW  +  li^ 


(28) 


< 


'  4R,2+R,» 

,  _  3_(R,«-  R,\f>,  +  3  R^P, 


for  the  second  cylinder. 


P  (,)  _3(Bi'-Ro»  Oi  H-  5  R^»  Pi 


P*  — 


3(R,»-Ro»)p«+3R,»P, 


for  the  first  cylinder. 


L 


^  ""  4  Ri»—  Ro* 


And  for  the  variations  of  pressure  in  the  assembled  system  in  place 
of  formulas  (2)  we  have  the  lollowing: 

„ 5  R|«  E,  (R3»-IV) ^       , 

^«-E.(R3«-R,»)(4R,«.t-H,«).t-E,(R,«-Rx«)(4B,«+R.«)'''=  ^* 


(29) 


5  R,«  E,  (IV-Ri') 


^  =E.  (B,«-  R,«)  4  R,».f  iii')+E,  { Ri«-lV)  [(4  R,'  -t-  Ri")  -6 R,«  6] P«-  ^» 

First  values  for  the  normal  pressures^  system  in  action, — The  pressures 
which  the  system  under  the  full  portion  of  the  double  hooping  would 
support  in  action,  derived  from  formulas  (28),  are  as  follows: 

P,=4.31846  Pi=9.2492  Po<*' =  19.3993 

in  which  P,  and  P,  are  the  same  as  P,  and  P,  for  the  chamber  section. 
Variations  of  pressure^  system  assembled, — By  applying  formulas  (29) 
we  find : 

p,=6p,  log.  fc=(9.6167878) 

Pi=cpo  log.  c=(9.1744059) 

in  which  the  coefticient  b  has  the  same  value  as  a  for  the  chamber  sec- 
tion. 
Trial  value  for  initial  compression  of  jacket — By  formulas  (3)  and  (4) : 

p  -_ ^  p  _. 2.8J)86 

P/=  Pi  +  p,=9.2#92-2.8986=6.3506 

or  the  excess  on  the  side  of  safety  is  about  2.r>5  tons  per  square  inch| 
and  we  may  use  the  values  already  found  for  P,,  P„  and  P,. 
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Pressures  incident  to  the  state  of  rest, — We  have  P/=6.3506,  and  from 
formulas  (9)  and  (10) : 

ji,=:  -&Pj=  -1.1996  P/=P,  +  p,=4.31846-i.l996=3.11902 

TJie  shrinkages  computed  for  the  state  of  rest. — Applying  formnlas  (18), 
(19),  and  (20)  whilst  placing  P,'=:0,  we  find 

9?,=0.0004079  +  0.0011074=0.0015153 
<p,=0.00015353  +  0.00112853=0.00128206 

These  values  differ  but  little  from  the  corresponding  ones  (<^  and  <^} 
for  the  chamber  section,  so  the  latter  may  be  substituted  for  them.  We 
have  then  to  discuss  the  state  of  rest  for  the  shrinkage  values. 

^1=0,001494  ^,=0.0012972 

Pressures  incident  to  the  state  of  rest — Placing  Pa'=0  in  equation  (19), 
reducing  and  combining  with  equation  (20),  we  find 

P/=3.155835 

Then,  with  P/  and  <pi  given,  the  solution  of  equation  (18)  gives 

^  P/=6.33424 

Tangential  compression  of  interior  of  jacket^  system  at  rest. — With  P/ 
given,  we  find  from  formula  (24) 


=  -0.0010171 


This  would  be  the  maximum  compression  at  the  interior  of  the  breech 
recess  under  the  full  double  hooping  if  we  used  the  shrinkages  last 
named.  In  the  adjacent  section  (through  breech  of  tube)  it  was  found 
that  with  the  full  elastic  resistance  (Po=24.764)  developed,  the  tangen- 
tial extension  of  the  fibers  at  the  interior  of  jacket  would  be  0.0012.{3. 
Hence,  if  we  should  use  the  shrinkages  the  total  effect  at  angle  in  jacket 
near  breech  of  tube  might  reach  the  sum : 

0.001233  X  0.001017=0.00226 

which  considerably  exceeds  the  elastic  extension  of  the  jacket  metal ; 
and  it  would  seem  best  to  lighten  the  shrinkage  of  hoop  B],  in  order  to 
reduce  the  tangential  compression  at  the  interior  of  jacket  in  the  recess 
next  base  of  tube. 

Assume  that  the  tangential  compression  at  interior  of  jacket  as  above 
shall  be  limited  to  the  value: 

4??=— 0.00075 

Betain  the  shrinkage  <pi =0.001494  for  the  two  inner  hoops ;  then  what 
should  be  the  shrinkage  for  hoop  B^of    We  have,  equation  (24) : 

whence : 

P/ =4^7076 

and  with  P/  and  ^i  given,  we  find,  through  formula  (18) : 

P/=1.3173 
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With  tlie  values  P/  and  P/  given,  and  P3'=0,  the  required  shrinkage 
for  hoop  B,o  is  found  tii  rough  equations  (19)  and  (20) : 

^=0.00006484+ 0.00047662  s=0.0005415 

The  shrinkage  values  for  the  double  hooping  over  the  breech  reoess 
are  then : 

<^=0.001494  ^=0.0005415 

involving  a  tangential  compression  at  the  interior  of  jacket,  as  above, 
equal  to  0.00075.  The  total  effect  at  the  angle  in  jacket  may  then  reach 
the  sum : 

0.001233  +  0.00075=0.001983 

which,  although  still  in  ex(U3S8  of  the  safe  limit  for  the  jacket  metal 
under  extension,  may  not  be  considered  unsafe,  and,  moreover,  will  bere- 
dnQjod  by  whatever  tangential  extension  of  the  interior  ft  t)ers  of  the  jacket 
is  occasioned  in  this  interme(iiate  recess  by  the  powder  pressure  forward 
and  the  normal  pressure  transmitted  by  the  block  to  the  screw-thread 
and  tending  to  extend  the  interior  of  the  jacket  at  its  rear.  The  ad- 
ju8te<l  shrinkage  for  hoop  B,o  is  slight,  but  this  shrinkage  may  be  msule 
heavier  toward  the  rear,  where  the  hoop  is  thinned,  and  the  hoop  will 
l>e  fimdy  retained  in  place  during  the  service  of  the  gun.  The  shrink- 
age for  the  rear  portion  of  hoop  B^  will  be  lightened  to  approach  the 
value  <^,= 0.00054 15. 

Effect  produced  by  the  single  hoop  Ai^. — This  hoop  is  to  be  assembled 
with  the  uniform  shrinkage  used  for  the  remainder  of  the  row.  The 
tangential  compression  produced  at  the  interior  of  the  jacket  under  the 
fall  i)ortion  of  the  hoop  is  found  through  equations  (18)  and  (24).  We 
have  <jPi=0.001494;  hence: 

JRo_ 


P/=3.47893 


L\ 


►=—0.00055862 


which  compares  favorably  with  the  compression  in  the  forward  portion 
of  the  recess. 

This  completes  the  discussion  of  the  tangential  strains  in  the  reinforce 
of  the  gun,  and  we  pass  next  to  the  portion  forward  of  the  trunnion 
hoop. 

Section  through  base  of  hoop  Ai. 


Ro= 


/3b=  ^0=22.143 
^0=0.0016 

Bo=Bi: 

4.0  Bi 


;9,=6^i=20 
fi =0.001445 
13,840  E,=14,286 

7.0  B,=11.0 


(9,=23.0 
f.=0.00161 

R3=15.0 


First  values  for  the  normal  pressures,  system  in  action. — By  applying 
formulas  (28)  we  find  : 


P, =6.40142 


P,,„= 15.2729 


P.<2>=24.6514 


Va)iations  of  pressure,  system  assembled. — By  formulas  (29) : 

Pt=bpi  log.  6=(9.3602597) 

Pi=cpo  log.  c=(9.4351419) 

Trial  value  for  initial  compression  of  tube. — By  formulas  (3)  and  (4) : 


and: 


|>i=—cPo=— 6.71403 
P/=Pi+Pi=15.2729  — 6.71403=8.55887 

(Pi +l>i)  ^^^=8.9475 
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Whence  the  safety  excess  is  equal  to  0.3886  tons  per  square  inch,  and 
we  may  use  the  values  alrea<iy  determined. 

Pressures  incident  to  the  state  of  rest. — We  have  Pi' =8.55887,  and  from 
formulas  (9)  and  (10)  : 

|),=—2>Pi=— 1.539  P,'=P2+|>2=6.40142— 1.539=4.86227 

The  shrinkages,  computed  for  the  stute  of  rest. — Placing  P3'=0,  and  ap- 
plying formulas  (18)  to  (20)  inclusive,  we  tind: 

^=0.0007059+0.000542=0.0012479 
<^,=0.00020632+0.0012220=0.0014-92 

Tangential  compression  of  bore  of  tube,  system  at  rest. — With  the  shrink- 
ages given  above  and  P/=8.55887,  we  tind,  by  formula  (24): 

4,^=— 0.0015305 

The  pressure  on  exterior  of  tube  and  compression  of  bore,  system  at 
rest,  would  thus  exceed  tht^  corresponding  values  8.293  and  0.001449  for 
the  adjacent  trunnion  hoop  section.  The  first  shrinkage  is  also  greater 
than  for  that  section,  and  it  is  not  desirable  to  have  it  so.  Let  us  then 
assume,  in  order  to  retain  a  uniform  shiinkage  along  the  jacket: 
.  Tlie  first  shrinkage : 

^=0.00085594 

and  the  tangential  compression  of  bore: 


«o 


=  -0.00125 


What,  then,  will  be  the  pressures  incident  to  the  state  of  rest,  the 
value  of  the  second  shrinkage,  the  elastic  resistance  of  the  section  to 
an  interior  pressure  and  the  working  limit  of  the  outer  hoop  with  the 
system  in  action  ? 

Pressures  incident  to  the  state  of  rest. — With 

-3= -0.00125 

formula  (23)  gives 

P,'=6.990286 

and  with  Pi'  and  (pi  given  we  find  from  formula  (18) : 

Pa'=4.7778 

The  second  shrinkage. — Placing  P3'=0,  and  applying  formulas  (19)  and 
(20),  we  find : 

9^=0.00020275+0.001201 65=0.0014044 

Elastic  resistance  to  interior  pressures — pressures  for  the  state  of  action.— 
With  P/  given,  we  obtain  P^  through  formula  (8)  and  the  remajning 
pressures  for  this  state  through  formulas  (9)  and  (11),  whence 

Po=23.004  Pi=-c  Po= -6.26535  p,=  -&i>i=-1.43(il7 

Pi = Pi*  -|>i = 6.990285 + 6.26535 = 13.2556 

P,=P,'-17,=4.7778+1.43617=6.21397 

Working  tension  of  the  outer  hoop  for  the  state  of  auction. — By  formula 
(27) 

^,=22.326 

for  which  the  corresponding  tangential  extension  of  interior  fiber  eqoaU 
0.0015028. 
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Seetion  thnntgh  shoulder  of  jacket  (mthin  front  edge). 

f^sO.OOie  ^1=0.001445  ^=0.00161 

Eo=Ei-13,840  E,=14,286 

B^rr4.0  B]=7.0  B,=sll.6  B,=14.64  (approximate). 

A  preliminary  examination  shows  that  it  will  be  proper  to  assemble 
this  seotion  with  the  same  shrinkages  as  the  a4jacent  one  to  the  rear 
(throagh  base  of  hoop  Ai).  We  have  then  to  discass  the  action  of  the 
system. 

It  will  not  be  permissible  to  exceed  the  allowable  pressure  for  the 
oater  hoop,  which  throagh  the  first  of  formalas  (28)  we  find  to  be 

P,=5.54917 

VarUMone  ofpresiurej  system  assembled, — By  formalas  (29) 

p^^bpi  log.  ft=(9.2552467) 

Pi=cp^  log.  o=(9.4365a57) 

Pressures  incident  to  the  state  of  rest. — ^The  given  shrinkage  valaes  are 

9>i=:0.00085594  ^=0.0014044 

Commencing  with  the  latter  and  combining  formalas  (19)  and  (20), 
placing  Ps'ssOy  we  find  after  redaction 

P,'=4.24969 

Then^  with  P/  and  <px  given,  we  obtain,  throagh  formala  (18) 

Pi'=6.70257 

Pressures  incident  to  the  state  of  action. — As  in  the  preceding  section, 
by  applying  formalas  (8),  (9),  and  (11),  we  find : 

P,=22.723  |h=—cPo=— 6.20863  l>,=—ftp^= -1.1176 

P,=Pi'-l>i=6.70257+6.20863=12.9102 

P,=:P/-;i,=:4.24969+1.1175=5.3672 

Tangential  compression  of  bore  of  tube^  system  at  rest — By  formula  (24) : 

^=-0.0011985 

Working  tension  of  the  outer  hoop  for  the  state  of  action. — ^By  formala 

(27): 

^,=22.245 

for  which  the  corresponding  tangential  extension  of  interior  fiber  eqaals 
0.0015572. 

Section  through  front  (within  face)  of  jacket. 

p^=^,=22.143  /3i=^i=:20  ^,=21.8 

£^=0.0016  fi =0.001445  ^,=0.001526 

Eo=Bi=13,840  E,=14,286 

Rj=4  Ei=7.25  Bj=9.9  B,=12.65 

4625  OBD 24 
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First  values  fwr  thA  %orm0l  prestureSj  system  in  acUan. — ^By  formnlaA 
(28): 

P,=6.49467  Pi<»=12.18956  P;«>=22.3986 

Va/riatums  ofpressursj  system  assembled. — By  formolas  (29) : 

jp,=ftpi  log.  &=(9.4993706) 

jpi=cpo  log.  c=(9.3593267) 

Ftessur^  incident  to  the  state  of  rest — By  formulas  (9)  and  (10): 
pi^^o  Po= -5.12329  jp,=-ftpi=- 1.61774 

and 

Pi<=:Pi+i>i=:12.18956-.5.12329=:7.06627 
P/=P,+JPi=  6.49467-1.61774=3.87693 

The  shrinhages  computed  for  the  state  of  rest. — ^By  formulas  (18),  (19), 
and  (20),  with  P3'=0. 

i=:0.0005426+0.0006581r=:0.0012007 
^=0.0001845+0.0010767=0.0012612 

These  values  are  not  suitable.  The  jacket,  where  it  is  threaded,  will 
not  perform  the  calculated  work,  and  the  shrinkage  of  the  D  hoop  should 
be  relatively  increased.  It  is  desirable,  moreover,  to  retain  a  unifonn 
value  for  the  shrinkage  of  the  jacket ;  we  may  then  assume  971  to  be  the 
same  as  for  the  preceding  sections  and  deduce  a  new  value  for  ^.  This 
will  decrease  the  theoretical  resistance  of  the  section,  because  the  ten- 
sion within  the  D  hoop  '^  at  rest "  will  be  increased. 

The  most  direct  method  for  making  the  a(]Uustment  required  will  be 
to  assume  a  minimum  (allowable)  value  for  Po,  find  the  pressure  tram- 
fnitted  to  the  D  hoop  for  the  state  of  action,  and  thus  deduce  the  press- 
ure allowable  for  it  in  the  state  of  rest.  The  construction  will  be  sale 
if  we  take  Po=:18  tons ;  the  powder  pressure  in  this  section  will  not  reach 
this  figure,  and  moreover,  even  in  that  event,  the  D  hoop  would  be 
strained  only  to  the  relatively  low  value,  ^s=21.8  tons. 

The  assumed  conditions  then  are : 

Po=18.0  9^=0.00085594 

Pressure  transmitted  to  interior  of  D  hoop  system  in  action. — ^By  com- 
bining the  first  two  of  equations  (9)  we  obtain : 

whence  with  Po=18, 

p,=— 1.30008 

Pressures  incident  to  the  state  of  rest. — We  have  already  found  that  P, 
may  equal  5.49467  tons ;  then,  formulas  (10), 

P/=P,+  P,=5.49467-1.30008=4.1946. 

and  by  formula  (18)  with  P/  and  ^  given,  we  obtain : 

Pi'=6J^2678 

The  second  shrinkage. — By  formulas  (19)  and  (20),  with  P3'=0,  we 
have: 

<p,=0.0001996+0.0011649=0.0013645 
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TimgmUial  compression  of  bore  of  tubej  system  at  re«t.— By  formula  (24} : 

^=-0.001078 

We  have  assumed  a  comparatively  low  value  for  Po  as  above,  eepe 
dally  with  reference  to  an  adjustment  of  the  shrinkages.  This  value 
for  Po  will  develop  a  tension  in  the  outer  hoop  equal  to  21.8  tons,  but 
will  not  develop  Uie  elastic  strengtiii  of  the  tube.  Having  Pi' =6.22678 
tons,  the  elastic  strength  of  the  tube  would  be  developed  only  in  case 
Po  reached  the  value  to  be  found  by  applying  formula  (8) ;  whence: 

Po=21.563  tons. 

The  shrinkages  remaining  the  same,  we  find  by  formulas  (9)  and  (11) 
that  the  remaining  pressure  in  the  state  of  action  would  then  be  as 
follows : 

jpi=— 0  Po= -4.93215  jp,=:—l5Pi=— 1.55742 

then 

Pi=Pi'-iii=6.22678+4.93215=11.16893 

P,=P/-jp,=4.1946  +1.65742=:  5.75202 

Bat  if  P,  equals  the  above  value^  the  tangential  tension  in  the  D  hoop 
for  the  state  of  action  as  found  through  formula  (27)  becomes : 

^,=22.82  tons, 

or  about  1  ton  per  square  inch  greater  then  the  value  at  first  assumed* 
However,  the  tension  22.82  tons  cannot  be  considered  excessive  for  the 
metal  of  this  hoop,  and  we  may  adopt  the  value  Po=21.563  tons  to  rep- 
resent the  tangential  resistance  of  this  section  of  the  gun. 

Section  through  middle  of  D  row  of  hoops  (outside). 

Po=  ^0=22.143  /Oi=:  01=23.5  ^,=21.8 

£0=0.0016  61=0.001645  £,=0.001526 

Eo=13,840  Ei=E,=14^6 

Bo=4  Bi=7.875  B,=9.9  B3=12.325 

First  values  for  the  normal  pressures^  system  inaction. — ^By  formulas  (28) : 

P,=4.9952  Pi<»>=10.98  Po^'>=21.9748 

Variations  of  pressure^  system  assembled. — ^By  formulas  (29) : 

j),=ftpi  log.  6= (9.5790730) 

j)i=opo  log.  o=(9.2421317) 

Pressures  incident  to  the  state  of  rest — ^By  formulas  (9)  and  (10): 

|ii=~oPo=— 3.8376  |i,=—&pi=— 1.4559 

and 

Pi'=Pi+j?i=10.98     -3.8376=7.1424 

P,'=P,+ji,=  4.9952-1.4559=3.5393 

The  shrinkages  J  computed  for  the  state  of  rest. — By  formulas  (18),  (19), 
and(20),  withP3'=0: 

9?i =0.0004711+0.000978=0.0014491 

^=0.0001668+0.0010812=0.001248 
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Tangential  compresHon  of  bore  of  tubej  system  at  rest. — ^By  fornmla  (24): 

^=-0.0011592 

These  results  are  nnsatisfactory  in  several  respects.  The  ftrat  shnnk- 
age  is  nniiecessarily  heavy ;  the  pressure  on  tube  in  the  state  of  rest 
and  also  the  compression  of  the  bore  is  greater  than  for  the  adjacent 
section  to  the  rear.  A  preliminary  examination  shows  that  a  shrmkags 
value,  ^=0.001,  is  well  adapted  to  the  assemblage  of  the  whole  Crov 
of  hoops  (single  and  double  hooping).  To  deduce  the  value  for  tiie 
second  shrinkage  in  this  section  (double  hooping)  we  will  assume  that 
the  D  row  of  hoops  shall  be  subjected  to  a  tangential  tension  of  20i 
tons  when  the  pressure  in  bore  of  gun  amounts  to  17.75  tons  per  square 
inch. 

The  conditions  are  then  as  follows : 

9)1=0.001  ^,=20.5  Po=17.76 

Limiting  pressure  for  D  hoop^  system  in  action. — ^If  0^^20.5^  we  find, 
formulas  (28) : 

P,=4.69732 

Pressures  incident  to  the  stateof  rest. — WehavePo=17.76,  and  find  P/ 
as  in  the  preceding  section,  viz : 

l>,=  —  c6Po=- 1.176 
then 

P/=P,  —j>,=4.69732— 1.176=3.6213 

The  value  of  Pi'  is  obtained,  with  P/  and  <pi  given,  by  formula  (18), 
whence 

P,'=5.8552 

The  second  shrinkage. — By  formulas  (19)  and  (20): 

^,=0.0001669+0.0010767=0.0012416. 

Tangential  compression  of  bore  of  tube^  system  at  rest. — ^By  formula  (24)  : 

^^=0.00096032 

Having  obtained  suitable  values  for  the  shrinkages,  it  may  readily  be 
shown  that  whilst  retaining  these  values  for  the  assemblage  the  system 
will  safely  support  a  greater  interior  pressure  than  17.76  tons,  which 
gives  the  low  value  ^,=20.6  for  the  tangential  tension  of  the  outer  hoop. 

With  the  pressure  P/=6.8662  tons  upon  the  exterior  of  tube,  system 
at  rest,  that  cylinder  would  safely  support,  formula  (8),  the  following 
interior  pressure : 

P^=20.776 

and  the  remaining  pressures  in  the  state  of  action,  formulas  (9)  and  (U), 
would  then  be  as  follows : 

jpi=  _  0  P^=  —  3.628076  j)J=  —  Jpi=  — 1^7641 

then 

Pi=Pi'  — pi=6.8662+S.628076=9.483 

P,=P/  — j?,=3.5213+1^7641=4.8977 

with  this  value  for  PJ  we  And,  formula  (27) : 

^,=21.374 
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which  represents  the  tangential  tension  at  interior  of  D  hoop  for  P^= 
20.775 ;  hence  it  is  seen  that  the  system  can  safely  support  the  interior 
pressure  just  named.  It  is  not  necessary  to  examine  into  the  behavior 
of  the  nuddle  cylinder,  because  the  pressures  Pi= 9.483  and  Ps=s4.8971 
are  seen  to  be  safe  when  compared  with  the  first  values  deduced  for  the 
normal  pressureSi  system  in  action. 

SeeUan  through  base  of  0  rote  of  hoops  {Hngle  hooping.) 

/o^s:«0ss22.143  9,s:=23.0  fo-O.OOieO  «i=0.00161 

E,==1S,840  Ei=U,286  Bo=:4.0  Bi=r7.875  B|==sl0.376 

In  this  and  the  succeeding  section  we  have  a  system  composed  of  but 
two  elementary  cylinders. 

The  maximum  values  for  the  normal  pressures  which  the  elementary 
cylinders  will  support  in  combination  are  derived  from  the  following : 

p     _    ^^TVjfe;^  '  [ ^^^ ^^^ second  cylinder. 

3(Bi»— B,»)g,  +  5Bi«Pi] 


(30) 


L 


3(Bx»-Bo)Po  +  3B^«Pi 


for   the   first 
cylinder. 


And  from  the  general  equations  of  equilibrium  for  the  system,  to  ex- 
press the  variations  of  pressure  in  the  assembled  system  for  changes  of 
state,  we  have : 

.n  „ ^      5  B,«  (B.'-B,«)  E, 

First  vohiMforthe  nomuUpressureSj  system  in  action, — ^By  formulas  (30): 

Pi    =6.39112 
Po^»>=18.2959 

Variations  o/pressurey  system  assembled. — By  formula  (31) : 

Pi  =  g>o  l^K-  ^= (9.1196966) 

Pressure  incident  to  the  state  of  rest. — By  formulas  (9)  and  (10) : 
lh=  —  c  Po  =  —  2.4102  Pi'=:Pi+jPi=6.39112  —  2.4102  =  3.9809 

Tke  shrinkage  computed  for  the  state  of  rest — ^We  have  Ps'^O;  and  by 
formula  (18) : 

9izs0.0002626+0.0010028+0.0012664 
Tangential  compression  of  bore  of  tiibCy  system  at  rest. — ^By  formula  (24) : 

^  =  —  0.0006462 

These  values  for  the  shrinkage  and  compression  of  the  bore  are  not 
excessive,  but  wishing  to  use  a  single  shrinkage  value  for  the  whole  of 
the  0  row  of  hoops  and  considering  the  adjustment  of  the  system,  es- 
pecially the  compression  of  bore,  at  the  muzzle  end  of  this  row  (see  fol- 
lowing), we  take  the  value  already  named  as  suitable  for  the  whole,  vix: 

<pis=:0.001 
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The  conditioB  of  the  system  then  becomes  as  follows : 
Pressure  incident  to  the  state  of  rest — ^By  formula  (18),  with  P/=0,aod 
9>i  given,  we  And, 

P/=3.1:464 
Ta/ngential  compression  of  bore  of  tube^  system  at  rest — By  formula  (24): 

^  =  —  0.000510672 

Pressures  incident  to  the  state  of  action. — The  interior  resistance  is  lim- 
ited by  the  elastic  strength  of  the  tube  cylinder,  which  with  Pi' =3.1464 
becomes,  formula  (8) : 

Po= 17.648 

and  for  the  remaining  pressure  value  we  find 

jpi=:_cP^  =  — 2.31164 
then 

Pi=Pi'  — j>i=3.1464+2.31164=6.468 

Tangential  tension  of  the  hoop^  system  in  action. — Substituting  the  above 
value  for  Pi  with  the  necessary  changes  of  notation  in  formula  (27),  we 
find: 

^r=:19.642 

which  leaves  the  hoop  with  a  considerable  reserve  of  elastic  strength. 

Section  through  hoop  Cg,  at  base  of  incline. 

p^=^=22.143  ^]r=23.0  £o=^W)16  ei:=0.00161 

Eo==13,840  Ei=14,286  Eo=4.0  Bi=7.876  Ej=9.79 

First  values  for  the  normal  pressures^  system  in  action. — By  formulas 
(30): 

Pi=6.2407  Po  <» =17.3736 

Variations  ofpressure^  system  assembled. — By  formula  (31) : 

jPi=cpo  log.  c=(9.0500415) 

Pressure  incident  to  the  state  of  rest. — By  formulas  (9)  and  (10) : 

i?i=  —  cPo=  — 1.94954 
Pi'=Pi  +  i?,=5.2407  —  1.94954=3.29116 

The  shrinkage  computed  for  the  state  of  rest. — We  have  P,'=0;  and 
by  formula  (18) : 

^=0.0002171  +  0.001011=0.0012281 
Tangential  compression  of  bore  of  tube j  system  at  rest. — ^By  formula  (24) : 

^5»  =  —  0.00053417 

1*0 


BEPOBT  OF  THE  CHIEF  OF  OBDNAKCE.         875 

Since  the  oompression  of  the  bore  ends  with  the  hooping,  it  is  thought 
best  to  slightly  reduce  the  above  shrinkage  value  and  compression  of 
bore,  and  to  arrange  the  shrinkage  with  a  view  to  make  the  steps  of  the 
oompreasion  about  equal  at  this  place  and  at  the  end  of  the  double 
hooping  to  the  rear.  The  value  ^i=s0.001  falflUs  the  requirements  of 
the  case  and  enables  a  uniform  value  to  be  used  for  the  whole  0  row  of 
hoops  as  before  stated.  It  reduces  the  amount  of  unnecessary  strain 
in  this  part  of  the  gun  for  the  system  at  rest  and  provides  an  ample 
value  for  P^. 

We  then  take  ^i=0.001  and  And  the  condition  of  the  system  as  fol- 
lows: 

Pressure  incident  to  the  state  of  rest. — ^We  have  <pi  given  and  P,'  s 
0 ;  then  formula  (18) : 

Pi'=2.6797 
TangentUU  eompressian  of  bore  oftubej  system  at  rest. — By  formula  (24) : 

€^  =  —  0.00043493. 

Pressures  incident  to  the  staU*  of  aetion. — ^The  interior  resistance  be- 
comes, formula  (8) : 

Po=16.835 

and  for  the  remaining  pressure  value 

pi== -cPo=- 1.8891 
then 

Pi=Pi'  — i)i=2.6797+1.8891=4J5688 

Tangential  tension  of  the  hoop^  system  in  action. — By  formula  (27) : 

01=20.051 

Using  the  shrinkage  ^=0.001,  the  pressure  in  the  state  of  rest  as 
shown  above  is  Pi'=2.6797,  which,  formula  (27),  will  make  the  tangen- 
tial tension  in  the  hoop  at  rest  as  follows : 

01=11.76  tons  or  26,343  pounds  per  square  inch,  which  may  be  re- 
garded as  amply  sufficient  to  prevent  any  loosening  of  these  hoops  in 
tiie  service  of  the  gun. 

Dnhooped  portion  of  the  tube. 

The  elastic  resistance  of  any  section  of  the  hollow  cone  which  forms 
the  muzzle  end  of  the  gun  is  derived  from  the  following  formula ; 


(32) p-,3(Bi'-Bo').gp 

^   ^  •        4  Bi«  +  Bo" 


At  the  base  of  this  cone,  adjoining  the  hoops,  we  have :  0o=22.143| 
B|s4,  and  Bts7.875.    Then,  formula  (32) : 


Pp=lL676. 


At  the  muzzle  we  have  9^=22.143,  Bq=s4,  and  Bi=6.5;  hence, 

P,s9.426 
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The  following  table  contains  a  Bnmmary  of  the  valaes  adopted  from 
the  results  of  the  tests  of  detached  specimens  to  represent  the  physical 
properties  of  the  metals  within  the  elastic  limits,  and  also  the  results 
of  the  preceding  compatations  which  relate  generally  to  the  action  of 
the  tangential  and  radial  forces  of  the  system,  or  those  which  act  in 
planes  perpendicnlar  to  the  axis  of  the  gun : 


Summaqf  tdbU  of  vdlue$  and  retulU  of  oomputoHonB, 
[Physioal  propertiea  of  fhe  metels.   Limiting  valnea  ■wwiTned.] 


A. 


liTotetioaa. 


Tabe. 


p  tonipersqiiare  inch  22. 148 
$  tons  p«r  Bqaarainch  22. 148 

•  inolies I  OiOOlO 

Xtonaper  square  inch  18. 840 


Jacket. 


20.0 
20.0 
0.001445 
18,840 


Ahoops 
exoept- 
ingAi. 


24.28 
24.28 
0.0017 
14,286 


Hoop 


28.0 
28.0 
0.00161 
14,286 


Bhoopt, 

exooptlng 

tmimion 

hoop. 


22.82 
22.32 
0.0015625 
14,286 


Tmim- 
ion hoop. 


16.0 
16.0 
0.001488 
10,714 


Dmible 
hooping. 


JUK^pmg. 


28.6 
28.6 
a  001645 
14»286 


S8L0 

2a.o 

OlOOISI 
14* 


2L8 
2L8 
0.0iUBI 
14^286 


'ru......^A.^.. 

Shrlnkagea. 

• 

Hint 

Second. 

TUid. 

SeotlonB  of  the  gim. 

Do. 

Di. 

Th- 

Da. 

D4. 

if 

1 

ft  . 

'4 

1 

1 

1 

< 

fireeoh: 

Sin|dehooplng. . 

Donblehooping. 

Breochof  tahe 

Powder-ohambor . . . 
Between    chamber 

Tmnni<m  hoop 

Base  of  hoop  Ai — 
Shoulder  oi  Jacket 
(within    front 
edge) 

Jfi. 

ILO 

11.0 

8.6 

8.5 

&0 
&0 
&0 

8.0 

8.0 
8.0 

&0 

8.0 

&0 

ao 

In. 
22.0 
22.0 
13.0 
14.0 

14.0 
14.0 
14.0 

14.0 

14.6 
16.79 

16.76 

16.76 

16.76 
18.0 

in, 
2&8 
26.3 
22.0 
22.0 

22.0 
22.0 
22.0 

28.2 

10.8 
18.8 

10.76 

18.68 

In, 

'ii'h' 

2&3 
26.8 

2&8 
26.8 
80.0 

28.28 

25.8 
24.66 

In. 

si'i' 

81.6 

81.6 
82.76 

1.404 
1.404 
0.78051 
0.85604 

0.85504 
0.86604 
0.86084 

0.85504 

0.85604 
LOOO 

1.000 

LOOO 

0.0828 
0.0328 
0.010 
0.012 

0.012 
0.012 
0.012 

0.012 

0.0122 
0.0160 

0.0160 

0.0157 

IndL 

htdL 

0.5415 

L484 

L484 

L484 
L484 
L4044 

L4044 

L8645 
L2416 

0.0142 
0.0828 
0l0328 

0.0828 
0.0828 

ao3i 

0.0826 

0.087 
0.0846 

L2878 
LSB72 

L2878 
L2B72 

0.0M1 

0.«41 

awti 

0.08ti 

Vorward  end  of 
iaoket    (within 

Kiddle  of'tinm  of 
hoope  (oataide)... 

Baae  of  C  row  of 
boops(ainglehoop- 

Xnd  noop  of  C  row 
of  hoopt  (foot  of 
indlne) 

ITnhooped   portion 
of_gnn: 
Base 

Xnsile 

^      ^ . 
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Sumwuiry  UibU  ofvdlme8  and  r§$ult8  of  eompuialian§ — Continned. 


SMtioiM  of  the  fan. 


SrMeh: 

8iBCl«  hooping 

Dooblo  hooping 

Bfoeehoftaho 

Powdn-ohMsbor 

Between  chambor  nnd  tmn* 

nloohoop 

Tnmnion  hoop.... 

Baeeof  hoop  Ai 

Shooldor  or  Jaekoi  (within 

ftoBt  edge) 

forwmrdendof Jneket  (within 

teee -.- 

lfidd!e  of  D  row  of  hoop* 

(ovteide) 

Beeeof  C  row  of  hoopo  (dnglo 

hooping) 

tad  hoop  at  C  row  of  hoops 

(foetorineline) 

Usbooped  portion  of  gun : 

Bmo 

Hanle 


System  at  rest. 


Konnsl  pressnre 
per  square  inch. 


Pi' 


Tont, 

8.4a 

4.97 

e.184 

7.168 

&64 

&29 

e.M 

&70 
CSS 
&86 
8.16 
2.68 


I 


»iy 


Tons, 


1.83 

t.sn\ 

6.679 

6.77 
&46 
4.78 


4.20 
8.89 


Pt* 


Ton9, 


8.214 
8.214 

8.26 
2.83 


Belatire 

tangential 

compres* 

sion. 


0.5686 

0.760 

0.222 


LOO 
LOO 


System  in  aotlon. 


Normal  preasoxes  per 
sqnareinch. 


Pt 


Ton$, 


24.76 
24.774 


Pi 


Tont. 


L  627  24. 87 
L  483  24. 66 
L  260  28. 00 


1&: 

17. 


L200 


L0782L668 


0.05 
0.61 
0.486 


22.73 


20.776 

17.65 

16.88 

1L68 
9l48 


16.54 
16.16 
18.26 

12.01 

10l84 

8.05 

6.46 

4.67 


Pi 


Tont. 


0.26 
6L26 

&62 
&21 
&21 

6.87 

&49 

4.70 


Pt 


Working 
limlta  of  inte- 
rior fibers 
of  enter  hoop. 


11, 


^8 1, 


Tont. 


4.82 
4.82 

4.03 
8. 66 


22.82 
22.82 

20.81 


Inek. 


0.0016625 
0.0015085 

0.0014564 


16.6250.001440 


2SL88 

22.25 

22.82* 

2L874 

10.64 

2a  06 


0.001568 

a  0016671 

0.0015674 

0.001486 

0.001485 

0.001486 


*Tbia  ezeeeda  the  Talne,  0» 
tersihied  for  the  metal  of  th 


21.8  adopted,  but  it  la  atill  abont  10  per  cent  below  the  elastto  limit  de* 
(D)  hoopa  by  the  tests  of  detached  specimens. 

In  the  plate  is  shown  to  given  scales  the  curves  of  velocity  and  pow- 
der pressure  for  a  powder  charge  of  100  pounds  and  projectile  weighing 
285  pounds,  the  '*  density  of  lotuling"  being  taken  at  0.9;  these  compu- 
tations were  made  in  the  office  of  the  Chief  of  Ordnance,  IT.  S.  Army. 
The  plate  shows  also  the  curves  of  relative  compression  of  bore  of  tube 
and  breech-recess  in  jacket  for  the  state  of  rest,  and  the  computed  elas- 
tic resibtanoe  of  the  gun.  The  computed  shrinkages  for  the  gun  are 
written  in  their  appropriate  places  and  are  expressed  in  relative  and 
absolute  values. 


LONGITUDINAL  RESISTANOB  OF  THE  OUN. 

The  jacket  cylinder  is  called  upon  to  support  the  longitudinal  thrus^ 
developed  by  the  pressure  in  the  powder-chamber  when  the  gun  is  fired. 
This  pressure,  acting  upon  the  bottom  of  the  bore,  is  transmitted  through 
the  head  of  tne  block  and  the  block  itself;  first  to  the  beuing  surface 
of  the  thread  in  the  screw  recess,  where,  since  the  pressure  acts  upon 
the  surfEK^  of  the  thread  alone,  the  effect  is  such  that  the  strain  upon 
the  jacket  is  locally  confined,  at  least  in  a  great  measure,  to  the  fibers 
at  the  interior  of  the  jacket  or  the  bottom  of  the  threads  of  its  screw ; 
and  second,  to  the  whole  cross-section  of  the  jacket  in  a  measure  which 
will  approach  a  uniformity  of  strain  in  the  whole  sectional  area  on  leav- 
ing the  zone  of  intense  local  (interior)  strain  at  or  near  the  base  of  the 
thread  as  above  indicated.    In  this  gun  we  have  to  consider  twQ  planes 
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'of  weakness,  or  rather  two  places  at  which  the  longitudinal  reststanee 
of  the  cylinaer  will  be  most  severely  tested.  The  first  follows  the  base 
of  the  thread  in  the  jacket  for  one  complete  turn  at  the  forward  portion 
of  the  thread.  The  second  is  in  the  zone  lying  between  a  plane  perpen- 
dicular to  the  axis  of  the  piece  through  the  base  of  the  spindle  h^ul  of 
the  block  and  a  similar  plane  through  the  rear  face  of  the  tube.  This 
zone  may  be  considered  sufficiently  removed  from  the  locality  of  the 
thread  to  warrant  the  assumption  that  within  its  limits  the  longitndi- 
nal  strain  thus  far  considered  shall  be  uniformly  distributed  through- 
out the  cross-sectional  area  of  the  jacket. 

We  will  consider  the  longitudinal  resistance  in  relation  to  the  safe  tan- 
gential resistance  of  the  gun  as  already  determined,  that  is,  instead  of 
seeking  the  extreme  elastic  longitudinal  resistance  we  must  determine 
the  amount  of  longitudinal  strain  under  the  supposition  that  the  inte- 
rior pressure  in  the  powder-chamber  is  given  by  the  value  P«=24.764 
tons  per  square  inch  previously  deduced  for  the  ^'  section  near  breech 
of  tabe."  The  amount  of  strain  so  determined  may  then  be  compared 
with  the  elastic  properties  of  the  metal  determined  by  the  free  tests  to 
ascertain  if  the  longitudinal  resistance  is  within  safe  limits. 

Assuming  that  the  pressure  in  the  powder-chamber  may  reach  the 
value  Po=24.764  tons  per  square  inch,  the  total  pressure  upon  the  bot- 
tom of  the  bore  or  chamber,  which  has  a  radius  of  4.75  inches,  will  be : 

n  Eo"  P*=  1755.3  tons 

which  represents  the  maximum  rear  thrust  acting  parallel  to  the  axis 
of  the  piece  that  would  be  transmitted  through  the  block  to  the  bear- 
ing surface  of  the  thread  in  the  screw  recess  of  the  jacket.  This  pre- 
supposes that  the  gun  has  no  recoil^  and  moreover  neglects  the  force 
expended  in  compressing  the  gas  check  pad  and  the  friction  of  the  gas 
check  against  the  wall  c^*  the  tube.* 

TA^  orosS'Section  of  jacket  near  breech  of  tube. 

It  is  assumed  for  this  cross-section  that  the  longitudinal  strain  is  uni- 
formly distributed  throughout  the  area.  We  arrive  at  a  value  for  the 
strain  by  considering  the  displacement  of  the  fibers  in  the  direction  of 
the  length.  Such  displacement  is  produced  not  only  by  the  pressm^ 
on  the  bottom  of  the  bore  when  the  gun  is  fired,  but  also  by  the  norms] 
pressures  which  then  act  upon  the  jacket  cylinder  and  tend  to  change 
its  length.  The  following  formula  expresses  the  longitudinal  resist- 
an6e  per  square  inch  in  the  cross-section  of  the  jacket  under  considers* 
tion,  due  to  the  powder  pressure  in  the  bore  combined  with  the  interior 
and  exterior  normal  pressures  acting  upon  the  jacket  cylinder,  viz : 

mu  T.  -3  Bo'  Pq-  2  (B,'  Pi-  B.'  F,) 

^"^^^ ^' 3(E.«-B?j 

< 

*  The  diBonssion  reUtin^  to  "  the  Btrsin  upon  the  thread "  wiU  sabeeqaently  be 
printed  aa  an  appendix  to  this  note. 

t  This  eqaation  is  derived  as  follows :  The  expression  for  the  relative  change  in 
length  of  fiber,  from  Virgile  (page  12,  Notes  on  the  Constmction  of  Ordnance,  NoTs)  is : 


+^0-1+^) 


In  this  we  sabstitnte : 

_  PoRo« 


^""H?=H7 
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The  values  previously  deduced  for  the  normal  pressures  in  the  state 
of  action  (section  near  breech  of  tube)  are  as  follows : 

P,  =  24.764  Pi  =  18.293  P.  =  9.248 

which,  being  substituted  in  equation  (34),  give,  by  reduction, 

14=9.99  tons  per  square  inch. 

This  is  a  comparatively  low  value,  but  it  does  not  take  into  account 
the  torsional  strain  in  the  angle  of  jacket  at  breech  of  tube  due  to  the 
difference  of  tangential  displacement  of  the  interior  fibers  of  the  jacket 
when  the  system  is  in  action  on  the  opposite  sides  of  a  right  plane 
through  this  angle.  To  diminish  the  amount  of  this  torsional  strain 
the  shrinkage  of  hoop  B^  has  been  made  comparatively  light,  as  already 
shown. 

GHAKGES  IN  LENGTH  OF  TUBE  AND  JACKET  DT7E  TO  SHBINKAGE. 

Theoretical  rule.*  Belative  increase  in  length  of  tube  equals  one- 
third  the  relative  tangential  compression  of  bore ;  and  relative  deoreaee 
in  length  of  jacket  equals  one-third  the  relative  tangential  extension  of 
its  exterior  cylindrical  surface. 

Confine  application  of  rule  to  changes  of  lengths  induced  by  the  as- 
semblage of  tube  and  jacket  alone  since  experiment t  has  shown  that 
when  the  hoops  are  applied  the  tube  and  jacket  will  take  up  practically 
the  same  increase  of  length. 

The  following  is  required : 

(1)  Shrinkage  and  constants  given  deduce  the  normal  pressure  at 
the  contact  surface  due  to  the  shrinkage. 

(2)  Find  relative  tangential  compression  of  bore  of  tube  and  exten- 
sion of  exterior  cylindrical  surface  of  jacket  produced  by  that  pressure. 

(3)  Take  one-third  of  these  respective  values  with  a  contrary  sign  to 
express  the  relative  changes  in  length. 

The  formulas  for  application  are  as  follows : 

and  from  eqaations  (5)  and  (6),  page  6,  Notes  on  the  CotistTnotion  of  Ordnance,  No.  6, 

^_Pi  B,«-P,  B<«    H»'  Rt«  (Pi~P«)  1  Pt  Ri*-  Pt  B««  ,  Ri«  Rt« (Pi  -P«)  1 

E.«-Ri«     ■*"      R,«-  Ri«       ^  ^  R««-Ri«      "*■       R,«-Ri«      r* 

The  ledoction  giyes,  adopting  the  nomenclature  from  Clayarino, 

d^>i_l  3Ro«Po— 2(Ri«Pi— Rj'PQ 
<fA,       E  3{Rt«— Ri«) 

If  In  Tepreeent  the  resistance  per  unit  of  area,  we  have 

Whence,  by  combination  with  the  preceding  equation,  we  obtain  e<^nation  (34), 
giyen  above,  in  which  Li  mav  be  taken  to  represent  the  load  corresponding  with  the 
elongation  induced,  or  it  is  the  resistance  of  the  metal  to  elongation  which  maintains 
the  equilibrium  of  the  forces. 

*  The  theoretical  rule  is  given  by  Y Irgile.    The  formulas  here  used,  which  are  in 

accord  with  that  rule,  depend  upon  Clavarino's  formulas  with  the  omission  of  the 

P  R*—  P*  R'* 
factor  g=s    ^f^     pr~  ^'^^  using  instead,  g=:o. 

t  See  summary  table  of  results  of  hooping  test  for  this  gun.  (Notes  on  the  Con- 
straction  of  Ordnance,  No.  32.) 
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First.  For  the  pressure  (see  formula  (18)  for  the  form  of  the  eqna- 
tion),  P/=  o) : 

(4Bo«  +  2B,«)Pi    ,    :(4B.'  +  2Bx')P| 

^       3(Ei»-E,»)Eo     ^     3  (R.*-Ri«)  Bi 

from  which 

.ogv  p  3  (Bt'-B,')  Eq  .  3  (B>'-Bi«)  El  .  yi 

^    '  '   '      '""  3  (K.--Bx«)  B,  (4  E,«+2  Bi.)  +  3  (R,.-U,')  E.  (4  »,•  +  2  E,«j 

Second.  For  relative  tangential  compression  of  bore  of  tube : 

/38\ ^^  ».__       2  Bi* Pi 

Bo  (Eu — B^*)  E« 

Third.  For  relative  tangential  extension  of  exterior  cylindrical  Borbat 
of  jacket : 

/37\  ^B^>  _       2Bi*Pi 

^  ^ B,    ^(B,««Bi.)Bi 

Section  at  breeoh  of  Uibe.— With  9?i=:0.0007805l9  we  find : 

•       Ti=:2.0133 
^=0.00062441  J=0.000208 

^=0.0001661  4=0.000052 

The  ehamber  seetion.— With  ^1=0.00086694,  we  find: 

Pi=2.3373 
^=0.00062606  (=0.0002087 

^=0.0002988  (=0.0000996 

Section  Jrom  front  of  chamber  to  rear  of  shoulder  on  jacket. — ^With^jss 
0.00086694,  we  find : 

Pi=2.7362 
-^=0.00068693  (=0.0001966 

^=0.00026901  (=0.00008967 

Section  embracing  shoulder  on  jacket. — ^With  9>i=0.00086694,  we  find: 

■p=2.8786 
^=0.0006177  (=0.0002069 

^=0.00023824  (=0.0000794 
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Seetion  embrticing  terew-Uiread  on  jaekeL — ^With  97is0.00086694,  we 
And: 

~Pi=2.2831 

^=0.00047434 


^=0.000168 


JE,_ 


KT 


=0.0003816 


^=0.0001272 


From  which  we  derive  the  following : 


BootiOD  (rf  gOSL 


AtbreMhof  tabe 

Orgchambw 

Trimi  of  ^AMnbw  to  rear  of  shoolder  on 

Jaeket. 

Swwldor 

Senw 


onjaokot 


Totals. 


Length  of 
seotion. 


Inehsa, 

4.5 

41.5 

88.0 
8.0 
8.5 


90.5 


Bztenaion  of  tube. 


Bdatiya. 


Thousandths. 
.208 
.2087 

.1056 
.2050 
.158 


Absolnte. 


Ineh. 
0.000036 
0.008061 

0.006455 
0.000618 
0.001348 


a  018018 


Contraction  of  Jaoket. 


BelatiTa. 


m4  wWrwB^nvvWM^vvVv 

.052 


.0807 
.0704 
.1273 


Abaolnta. 


Inch, 

0.000284 

0.004I8S 

0.002060 
0.000238 
0.001081 


0.008646 


Then,  by  the  theory,  when  the  jacket  is  shrank  on — 

The  tube  willbe  extended ) =0.018 

The  jacket  will  be  contracted =0.0086 

8am =0.0966 

The  hooping  experiment  of  the  chamber  section  proved  that  as  regards 
the  extension  of  the  tube  the  theoretical  rule  is  practically  correct.  With 
regard  to  the  contraction  in  length  of  jacket  the  experiment  showed  that 
it  was  much  less  than  the  rale  would  indicate.  But  the  experiment  was 
not  conclusive  on  this  point,  and  the  shrinkage  then  used  was  only 
about  one-half  of  the  present.  On  the  whole  it  is  estimated  that  the 
relative  contraction  in  length  of  the  jacket  will  in  this  case  be  about 
(me-eighth  the  relative  extension  of  its  exterior  cylindrical  surface. 

Considering  the  distance,  86  inches,  between  the  two  shoulders  on  the 
tabe  against  which  we  wish  the  jacket  to  fit  closely  without  strain,  we 
find: 

Inohea' 

Extenmon  of  tube=0.018013— 0.000936 =0.0171 

Contraction  of  jaoket=i  (0.008646 -~ 0.000234) =0.0031 

Som =0.0202 

Hence  if  the  finished  length  in  the  jacket  between  these  shoulders  is 
made  86  inches,  the  finished  length  on  tube  should  be  at  least  0.02  of 
an  mch  less,  or  85.98  inches. 

Note. — The  fixed  dimensions  and  allowances  prescribed  in  this  con- 
nection for  the  actual  construction  of  the  gun  are  as  follows : 

Inehoa. 

Length  of  jacket  from  firont  face  to  first  shoalder 86.00 

Coiresponaing length  on  tube 86.96 

Lengthof  short  ooonterbore  in  Jacket 4.60 

Corraaponding  length  on  tube 4.49 

which  gives  a  total  allowance  of  0.05  of  an  inch  on  length  of  tube  within 
jacket  over  the  whole  length  of  90.5  inches. 

R  BIBfTIE,  Jr., 
Lieutenant  of  Ordnance. 
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TABLES  OS  F0BGIN08  FOB  8,  10, 18,  AND  16  INCH  STEEL  0UN8. 
BT  LiXUT.  F.  £.  HOBBS,  Ordnancb  Dbpartmbkt. 

Office  of  Inspector  of  Ordnance,  IJ.  S.  A., 

MiDYALE  Steel  Works, 
Philadelphia^  Pa.,  September  23, 1885. 

The  Ohibf  of  Ordnance,  U.  8.  Army, 

Waahingtonj  D.  0. : 

Sir  :  In  obedience  to  your  instractions  I  have  prepared,  and  have 
the  honor  to  transmit  herewith,  tables  showing,  as  nearly  as  can  be  now 
determined,  the  dimensions  and  weights  of  the  forgings  required  in  tlie 
ooQStmotion  of  8-inch,  lOinch,  12-inch,  and  16-inch  steel  guns \  there 
IB  given  also  the  rongh  finished  dimensions  and  weights  of  the  forgings 
as  they  should  be  delivered  by  the  steel-makers,  and  the  approximate 
dimensions  and  weights  of  the  rough  forgings  and  the  ingots  to  be 
used. 

Very  respectftilly,  your  obedient  servant, 

F.  B.  HOBBS, 
Lieutenant  of  Ordnance. 

Forgingnfor  Mnck  B.  L,  Bitel  gun. 


Kataxeofptooe. 


Jiekel 


S  MBUDon  hoops 
1  MQunon  hoop  • 
1  MBUDon  lioop  . 
1  cQBinovi  hoop  . 
leommon  hoop . 
leomnMm  hoop . 
TroBBknihoop.. 


Total  wai^t  of  rongh 
fHiiihoQwrgingB .... 


I 


I 


Inohst, 

&0 
fliS 

15.0 
10.6 


1 


23.6 

28.6 

20.26 

16.26 

16.76 

16.76 

2&60 


Finished. 


IndUt. 

!18.00) 
1&75S 
15.00) 
20.6  I 
28.5  5 


80.0 

20l6 

26.25 

20.25 

22.25 

2L50 

8L00 


Inehsa, 
261.6 

106.26 

l&O 
0.76 
20.60 
11.76 
IOlOO 
10.00 
18.50 


I 


Tona. 
4.01 

8.70 

PoundM. 
6,160 
608 
1,280 


012 

772 

1,600 


Boagh   finished  m  delirered  by 
stoel-maken. 


I 


I 


Inehu, 

7.75 

Hi- 76) 
26i 


no. 


28.26 
2a  25 
20.00 
16.00 
16.60 
16.50 


Tnekti. 
(18.6  ) 
J  16.0  [ 

28.76 


80.26 
20.75 
2&50 
20.60 
22.50 
21.75 


Inchet. 
264.0 

110.0 

16.26 
10.00 
20.76 
12.00 
10.25 
19.25 


^ 


Tom, 
4.70 

4.06 

Poundi. 
6^706 

772 
1.402 

441 
1,008 


1,660 


82,446 
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Forging  for  Mnck  B,  L,  Mteel  gun — Coiitinaed« 


Natore  of  piece. 


Tube  . 
jMket 


{ 


Of  rough  forging. 

• 

e 

•d 

h 

J 

li 

1 

1 

I 

Ton$. 

Inehst. 

Inehti. 

U.50) 
17.26> 
1«.60) 

272L0 

7.05 

25.0 

U8.0 

7.85 

Of  ingotb 


tea 

^9 


P. 


Inchst, 

87  diameter) 

or         > 

83  equere.   i 

diameter) 

or 
square 


Ilia} 


SiT 


Fargingafor  lO-inoh  B,  L,  ateel  gun. 


Nature  of  piece. 


Tube I 

Jacket I 


5  common  hoops 

6  common  hoops. 
1  common  hoop. . 
1  common  hoop.. 

1  common  hoop. . 

2  common  hoops. 
1  common  hoop.. 
1  common  hoop.. 
1  common  hoop.. 
Trunnion  hoop . . 


Total  weight  of  rough- 
finished  forgings 


Finished. 


I 
I 

I 


Inchtt, 


10 
12 


I 

u 

o 

s 


.0> 

.05 


i&o 

13.5 

88.0 
27.7 
27.7 
24.7 
24.7 
19.7 
10.7 
19.7 
19.7 
83.0 


{ 


JnehM. 
16.5: 
19. 
1& 


S.5) 
J.7> 
LO) 
24. 7  < 
27.7  5 


39.5 
83.0 
87.5 
82.5 
31.0 
24.7 
26.0 
25.5 
24.5 
80.5 


a 


Jnehu, 
825.7 

134.0 

20.0 
19.0 
15.0 
21.0 
21.0 
16.5 
l&O 

lao 

18.0 
16.6 


Tons, 
7.76 

&2 

Poundi. 
10,080 
8,050 
2,145 
2,100 
1,688 
1,640 
1,160 
1,056 
005 
2,636 


Bough  finished  as  delirend  bj 
steel-makers. 


Inehu. 

9.75 

J   17.75? 
i   18.25  5 

82.75 

27.45 

27.62 

24.5 

24.5 

19.5 

19.5 

19.5 

19.5 


§ 

s 

M 


IndiM. 

J  16.75) 
10.96> 
1&25> 

27.06 


89.75 
33.25 
37.75 
32.75 
81.25 
2&00 
2&2S 
2&75 
24.75 


5 

8 
1^ 


^ 


InAa.    Ibiu. 


328.2 

188l25 

1&2S 
1&26 
15l25 
2L2S 
2L25 
16.75 
18.25 
ia25 
18.25 


&54 

&65 

II,  1« 
9.038 
3,13 
2,2:3 

1,SM 

1,» 

XM 

SM 

2,78 


61,  SB 


Nature  of  piece. 


Tube.. 
Jacket 


i 


Of  rough  forging. 


Inehet. 
18.0 
21. 
19. 


5.01 
L.2i 
).5) 


29.2 


t 
J 


Inehet. 
341.2 

148.25 


4i 


Torn, 
18.66 

12.56 


Of  ingot. 


InekM. 
42  diameter) 
or         > 
38  square.   ) 

J  68  diameter  S 
51  square.    5 


{ 


i 


Ineh$», 

5140. 0> 

^186. 0( 

C69.01 
(70.05 


4i 

•s 


®     0  is 


S 


M 

e 

~     fit 


p  ox 

o 
c 
a 


nnm 


Ibnt.  Peret 


25.0 
28.0 


83.0 
83.0 


94 


tftfd. 
5il 


{1:2}  H. 
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ForgingifoT  12-ifioA  B,  L,  Bieel  gun. 


FlnUhed. 


IfAtardofplMA. 


Tote 


Jiek«l 


I 


Ineh49. 

12.0 
14.5 


} 


Saommon  hoops. 
I  ooBunoD  hoops. 

I  comiBon  hoop. . 

I  ooBUBon  hoop . . 

1  common  hoop.. 

2  common  hoops, 
leommonhoop.. 
I  common  hoop. . 
I  common  hoop.. 
TnuiBion  hoop.. 


21.8 
ie.0 

39.80 
33.00 

88.00 

28.60 
20.60 
23.60 
23.60 
23.60 
23.60 
89.80 


I 
I 

o 


M 


Inehet. 
C  19.8  ) 

i  21.8  J 
29.6  ) 
33.0  5 


C  45!o   \ 
{   39.8  5 


Total  weight  of  rough* 
finished  forglngs 


4&0 

89.8 

45.0 

39.8 

39.0 

37.0 

29.5 

31.2 

30.5 

29.75 

49.20 


t 

5 


891.0 

160.9 

23.0 
22.0 

22.0 

25.6 
25.5 
18.0 
22.0 
22.0 
22.0 
19.8 


t 


2btM. 
13.22 

10.2 

Poundt. 
18.485 
14,628 

8,604 

3,715 
2.847 
2,525 
1,992 
1,762 
1,563 
4,850 


Rongh  finished  ss  delivered  hy 
steei'Diakeis. 


89.50 
82.75 

32.75 

29.85 
29.25 
28.35 
23.36 
23.35 
23.35 


48.26 

4a  05 

4&25) 

40.05  5 

8a25 

37.25 

29.75 

31.45 

30.75 

30.00 


1 
28.25 

22.25 

22.26 

25.75  ! 

26.75 

18.25 

22.25 

22.25 

22.25 

1L28 

Poundt, 
19,775 
l^ 


3,907 

3,948 
3,060 
2.778 
2,210 
1,993 
1,766 
4,700 


117,851 


KatDre  of  piece. 


rsb«. 


Jseket 


Of  rough  forging. 


i 

o 
hi 


Inehet.  Inches. 
21.75 

'    407. 0 


21.75) 
25.50> 
23.50) 


175.5 


38.0 
35.0 
Forged    on 
maudrel.* 


Tims, 
23.75 


22.0 
19.04 


Inches, 
50  diameter. 

or 
45  square. 
f68  diameter)  !(  83. 0),  ««  ^ 
I  84.  0S\  ^' " 

I  Alternate 
I      design. 

.  ^;1?2:!!|««  82.0 


I  or  S 

1  60  square.  ) 
1  75  diametor  ) 
I  or 

[  66sqnare 


*  Greatest  cross-section  of  roagh  forging  need  in  this  comparison. 

4625  OBD ^25 
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ForgingBfor  IG-tncA  B,  L.  steel  jfKfi. 


Nature  of  pieoe. 


a 


O 

V 

s 


Flniftbed. 


a 

4 


Rough   finished  m  deUTcral 
steel  BAkeit. 


I 


a 


O 
C 

M 


Inchet.     Inches. 


Tube. 


16.0 
19.0 


Jacket 


>  (  22. 0  >  ' 

n29.o5' 

'  (28.0) 


a 


Inches. 
521.0 


C        28.0    ) 
{        21.0  I  i 


Sleeve  ... 
1  oouunon 
8  common 
1  common 

1  (}ommon 

2  common 
1  common 
1  common 
1  common 

1  common 

1  common 
1  common 
1  common 

1  common 

2  common 
1  common 
1  common 

common 
1  common 
1  common 
T  common 
Trunnion 


hoop., 
hoops, 
hoop., 
hoop., 
hoops, 
hoop., 
hoop., 
hoop.. 

hoop.. 

hoop., 
hoop., 
hoop., 
hoop., 
hoops, 
hoop., 
hoop., 
hoop., 
hoop., 
hoop., 
hoop., 
hoop .. 


Total  weight  of  rough 
finished  forgings 


40.0 
55. 3 
65.3 
46.5 
47.5 
47.5 
47.5 
4&3 
89.0 

40.0 

48.3 
87.0 
37.0 
29.6 
28.0 
27.0 
26.0 
25.0 
24.0 
28.0 
22.0 
56.8 


40.0 

47.5 
66.5 
64.6 
55.8 
55.8 
55.8 
65.3 
55.3 
47.0 
(  49.  8 
)48.3 
60.0 
51.0 
4a  0 
88.4 
37.0 
36.0 
84.0 
82.0 
80.5 
29.6 

2ao 

66.6 


Tons. 
22.92 


hi 


o 

1 

M 


6K 

6 


X 


223. 2  I    19.  0 


124.2 
37.1 
37.0 
48.2 
24.0 
34.0 
30.0 
21.0 
36.0 


Pound*.] 
18,184 
11,291 
27,292 
9,633  , 
4,293 
12.165 
5,366 
3,397 
5. 626  . 


Inchet.   '   Inehee.  JndUf.    Ttu 

i22.2S) 
29.25>     5250      Kr 
2&25) 

m:?}l      ^-25       227.0      2L1I 


39.75 
55.05 
55.05 
46.25 
47.25 
47.25 
47.25 
4&05 
38.75 


49.0  I    8,209        39.75 

4&05 
36.75 
S&75 
29.35 
27.75 
28.75 
25.75 
24.76 
23.75 
22.75 
21.75 
56.05 


26.0 

7,340 

40.5 

11,132 

40.6 

8,448 

35.6 

4,753 

36.0 

9.397 

86.0 

4.553 

86.0 

3,855 

36.0 

3,204 

86.0 

2.845 

36.0 

2,741 

36.0 

2,409 

42.0 

12.782 

47.75 
66^75 
64.75 
55.55 
5&55 
55.55 
55.55 
55.55 
47.25 
C50.O5) 
{48.55} 
00.25 
51.25 
48.25 
38.65 
37.25 
36.25 
34. 2S 
32.  S5 
30.75 
29.75 
2a  25 
66.75 


12145 
37.85 
37.25 

48.45 
24.25 
M.25 
80.25 
21.25 
3&25 

49.25 

26.25 
40.75 
4475 
8Sl85 
86.25 
88.25 
3125 

a&2s 

3625 
36.25 
36125 
4125 


U,<35 

aim 

10.1:2 

ill! 

un 

5.W 
5.JB 

Km 

11,  M 
^^ 

%w 

:       4,1s 
l« 


mxi 


Nature  of  peloe. 


Of  rough  forging. 

4 


I 

a 

s 

I 

M 


Of  ingot 


t    t 


4i 

ja 

6ft 


a 
e 

I 

8 


.a 


Tuhe 


Inchet.  ,lneKet.  Tont. 
24. 0  )  '  I 

53a  0     45. 17, 


.4 

•z 


(I    24.0) 
<      81. 0> 

('  ao.oJ 


Indut.         Inthet 
f 75 diameter)  ^^23  0 


Tons.  PtreL; 

66.0' 


(400 
lift) 


Jacket i      42.0     240.0     42.15 


Forged    on     82.5 
mandrel- 


or 
06  square 
80  diameter  ) 

or 
71  square 
75  nqnare 


125.0 


!  5121.0? 
^121. 0\ 


69.0       «i2 
Altemste 
desin. 
77.5    '«3.8 


PVA 

1- 


a(3 


108.0  '77.5      83.8      iM    5i< 
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PROPOSED  12-INGH  BREECH-LOADING  STEEL  RIFLE  40  TONS. 
BY  CAPT.  CHAS.  S.  SMITH,  ORDNANCE  DEPARTMENT 


(1    PLATE.) 


387 


TOl 


^ 


AL 


PLATS  L 


TONS 


1=: 


T 


cUfJS^T" 


E«STEE1 


I 
I 

flK 
-JL. 


Jt^t^M  ■r»#.>r  (  mtAms.  < 


At-C 


£ 


c 


* 

•I 


V 


.J 


:iV_iHH.v 


Cmffta  in,  o^  Ormirtun  ce. 


Appendix  36, 


INSPECTION  REPORT  OF  MNCH  EXPERIMENTAL  BANDED  CORED  SHOT. 
Bt  Libut.  William  Cbozibb,  Ordnaiyos  Dbpartmsnt. 

DeOEMBEB  2, 1884. 

Sib  :  I  have  the  honor  to  submit  herewith  inspection  report  of  8-inch 
experimental  banded  cored  shot : 

The  bands  were  applied  as  represented  in  the  accompanying  blae 
print,  except  that  the  grooves  in  some  of  the  projectiles  are  only  .1  inch 
deep.  These  are  marked  with  a  small  ^^s"  after  the  number  desig- 
nating the  character  and  position  of  the  band. 

The  bands  were  hammered  into  place  by  hand,  those  which  gave  the 
best  results  having  been  first  finished  to  proper  section  and  then  bent 
in  a  press  until  they  would  pass  into  the  grooves.  With  the  narrow 
ones  the  bending  was  omitted  and  a  shallow  groove  was  cut  in  the  under 
side  of  the  band  to  facilitate  the  flow  of  the  metal  into  the  undercut 
portions  of  the  grooves  in  the  projectiles. 

In  obedience  to  your  instructions,  I  determined  the  center  of  percus- 
sion of  the  shot,  exclusive  of  the  head,  with  reference  to  a  transverse 
axis  intersecting  the  axis  of  the  shot  at  the  base  of  the  head.  This 
point  I  first  found  by  calculation,  determining  separately  the  values  of 
the  expressions  ^vr^  for  the  difTerent  geometrical  solids  composing  the 
portion  under  consideration,  thus  obtaining  v'lc^.  To  obtain  these  sep- 
arate values  I  used  the  formulas  Svr^^z/^a^dx  and  v'k^z=v'(kji*+cP)j 
the  volumes  all  being  of  revolution  about  the  axis  of  the  shot  taken  as 
the  axis  of  X.  The  separate  volumes  determined  similarly  from  the 
formula — 

gave  by  summation  the  value  of  F,  from  which  and  the  values  of  v'kf* 
above,  k  was  determined.  The  position  of  the  center  of  gravity  was 
found  in  the  usual  manner  by  equality  of  moments,  and  the  length  of 
the  equivalent  simple  pendulum  by  the  formula 

e        € 

with  the  result  l=7.^^33=distance  of  center  of  percussion  desired  from 
axis  of  suspension.  In  the  above  calculations  the  density  and  diameter 
were  considered  uniform,  the  latter  8^^,  which  assumptions  were  per- 
missible in  view  of  the  necessity  for  obtaining  the  required  position 
with  sufficient  accuracy  only  to  insure  its  being  included  within  the 
band.  i  jOhh^ 

It  having  subsequently  become  necessary  to  cut  up  one  of  the  pro- 
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jeotiles,  the  same  point  was  determined  experimentally  by  vibrating  the 
X>ortion  considered,  using  the  formula — 


in  which — 


l=length  sought. 

P=Bimple  second  pendulum  at  Watertown  Arsenal =3.25981  feet 
n=number  of  vibrations  in  one  minute=138. 


Besulting  in  the  value — 


F=7^43 


<KM  greater  than  the  one  above,  as  was  to  have  been  expected  from  the 
assumptions  made. 

To  determine  the  specific  gravity,  using  much  larger  fragments  than 
<»n  be  weighed  on  the  delicate  scales  usually  employed  for  that  pur- 
pose, I  first  tried  the  ordinary  method  of  weighing  in  air  and  in  water  a 
piece  of  the  cylindrical  portion,  weighing  about  50  pounds.  Bat  the 
weighing  apparatus  not  being  sufficiently  accurate  to  give  satisfactory 
results,  I  toc|k  a  piece  which,  by  a  little  work,  was  given  the  form  of  a 
^Biimple  volume,  and  weighed  it  with  the  following  results: 


M^-^M 


A  B=  7.''909 
0D=  S."1S6 
BE=    3.''461 

>s  142.443  cubic  inches. 


Subtracting  volume  of  two  small  holes= 


17>=.9713  17—171=  v=141.4717 

W=  36.9839  pounds. 

specific  gravity=S=7^X^^ 

log.  W=  1.567596 

log.  1728=  3.237644 

a.  e.  log.  V=  7.849331 

a.  c.  log.  62.355=  8.205129 


20.859600 
20. 

log.  S=     .859600 
8=7.237 


I  make  the  following  computation  of  the  volume  of  the  shot  using 
for  the  ogival  parts  the  formula  and  numbers  given  in  Table  IX  from 
the  Ordnance  Office. 
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Volume  of  head  (ap  to  true  base  of  ogival)  =  H  .3  log.  D  +  log.  o  = 
log.  H. 

Log.  D  (=7''.97)  =       .901458 

3 


2.704374 
log.  c=      J  .760573 


log.H=      2.464947 

H=  291.70  cable  inches. 

Volame  of  cylinder  in  rear  of  true  base  of  ogival  =  0  =  ;r  R*  x  9.38, 

Log.  R  (=  'f  =  3.966)  =    .598243 


1 .196486 

log.  9.38=    .972203 

log.  ;r=    .497150 


log.  C  =  2.665839 
0  =  463.27  cubic  inches. 

Volume  of  hemispherical  part  of  core  =  §  ;r  r*  =  P. 

Log.  r  (=  1.75)  =    .243038 

3 


.729114 
log.  TT  =  ^497150 

log.  %  =  log.  .6666  =  1.823865 


log.  P  =  1.050129 
P  =  11.22  cubic  inches. 

/olame  of  ogival  part  of  core  coDsi<!ered  as  complete  =  o. 

Log.  0  =s  3  log.  d  +  log.  c 
Log.  (?(=  3.5)  =  .544068 

3 


1.632204 
e  by  interpolation  =  1.0876       log.  c  =    .036470 

log.  0  =  1.668674 
0  =  46.63  cubic  inches. 
H  =  291.70 
C  =  463.27 


754.97 


P  =  11.22 
0  =  46.63 


57.85  57.85 


697.12 
Adding  .88  cubic  inches  for  head 
of  plug  and  very  small  parts 
neglected  at  end  of  core  and 
head  of  cylinder 88 


V  =  698.00  cubic  inches. 
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Deducing   the  specific  gravity  necessary  to  give  the  establiahed 
weight,  180  poandfr— 

o_  180x1728 

698x62.366 

log.  180=  2.266273 

log.  1728=  3.237644 

a.  c.  log.  698=  7.166146 

a.  0.  log.  62.366=  8.206129 


20.864091 
20. 


log.  S=     .864091 
S=  7.146 

which  is  lower  than  the  specific  gravities  usually  reported. 

Assuming  an  average  specific  gravity  of  7.21,  the  above  volume 
would  give  a  weight  of  181.6  pounds.  In  view  of  which  I  would  sug- 
gest that  either  the  established  weight  be  increased  to  about  182 
pounds  or  the  dimensions  of  the  shot  be  modified. 

The  specific  gravity  determined  above  gives  a  weight  of  182.3  pounds. 

I  have  been  unable  to  find  agreement  between  the  drawing  of  the 
shot  and  my  instructions  as  to  its  manufacture.  The  instructions  re- 
quire the  head  to  be  moved  bodily  back  1.^^06,  the  form  about  the  head 
being  then  as  indicated  in  the  sketch,  <<  the  slight  shoulder  thus  formed 


to  be  smoothed  off."    The  equation  of  the  circle  AP  is — 


a/=0 

^^  ^  ,  Coordinates  of  center. 
.016 


y=-(l6-^J^)=-12.( 

E=  radius  =16 .'. 
ir»+(y+12.015)«=16« 

making  y=0,  we  deduce  j?=10,''566  for  the  distance  BP,  which  does 
not  agree  with  the  distance  given  on  the  drawing,  that  being  10."62, 
resulting  from  a  position  of  the  circle  indicated  below. 

The  height  of  the  shoulder  required  in  my  instructions  from  yon 
could  be  very  easily  indicated  in  the  drawing,  being  .''035.  I  cannot 
see  why  the  shoulder  would  not  be  a  great  disadvantage  batiistically, 
and  would  recommend  a  change  in  the  required  form,  to  correspond  with 
the  second  sketch  above. 


BEPORT  OF  THE  CHIEF  OF  ORDNANCE.         393 

Since  oommencing  the  manafaotare  of  these  projectiles,  four  large 
shoMatbes  have  b^n  added  to  the  plant,  and  vanous  improvements 
have  been  made  in  the  patterns,  iron,  and  process  of  finishing,  and 


should  there  be  more  of  them  ordered  they  coald  be  produced  more 
expeditiously  and  economically  and  of  more  uniform  weight  and 
dimensions. 

In  the  preceding  determinations  no  methods  of  any  particular  nov- 
elty or  interest  were  used,  unless  one  may  have  been  that  of  calculating 
tbe  centers  of  gravity^  moments  of  inertia,  and  in  general  all  elements 
necessitating  the  finding  of  the  limit  of  the  sum  of  an  infinite  number 
of  products  of  two  functions  of  the  same  variable.  The  principle  in- 
volved may  be  stated  as  follows : 

The  limit  of  the  sum  of  all  the  products  of  two  functions  of  the  same 
variable  as/(d?),  and  (p  {x)  for  all  values  of  rr  between  two  given  limits; 
is  eqaal  to  the  integral  between  those  limits  of  /  (a?)  x  9?  (a?)  x  dJa?,  or  to 

To  prove  which;  construct  in  the  coordinate  plane  XZ  the  curve 
whose  equation  is  z^f  {x)^  and  in  the  plane  XY  that  whose  equation 
is  y=9>  (a?),  then  one  of  tne  products  /  (a?)  x  cp  (a?)  would  be  a  rectangle 
y^,  and  all  of  the  products  between  limits  corresiiondiug  to  two  values 
a  and  hoix  would  compose  the  volume  bounded  by  the  planes  XZ  aqd 
XY,  the  two  cylinders  whose  directrices  are  MM'  and  NN',  respectively, 
intersecting^ in  LL^,  and  two  planes  parallel  to  YZ  distant  from  it  a  and 
6,  respectively. 

From  calculus  we  know  that  the  partial  differential  of  such  a  volume 
with  respect  to  a?  is  equal  to  the  area  of  a  section  perpendicular  to  the 
axis  of  X  multiplied  by  dx^  which  is  yzdx  or/  {x)  x  ^  (a?)  x  da?,  and  that  the 
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Yolame  described  is  equal  tx)  //  f(Jo)X(p  (^)  X  dx.    Hence  we  aee  that  the 
facility  with  which  we  may  obtain  the  Limit  of  the  sum  of  such  prodacU 
depends  upon  that  with  which  we  may  integrate  the  expression  /(f>x 
q}  {x)  X  dx. 


I  append  a  simple  example.    Let  it  be  required  to  deduce  a  general 
formula  for  the  distance  of  the  center  of  pressure  of  a  submerged  sur 
face  from  the  upper  surface  of  the  fluid,  measured  in  the  sabmerged 
sniface. 

Suppose  such  surface  to  be  included  between  the  axis  of  x  and  \ 
curve  whose  equation  is  y=f{x)j  which  is  a  general  case  to  which  all  I 
others  may  be  reduced.  , 
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Gall  tlie  required  distance  P.  We  know  the  total  pressure  upon  a  sub- 
aerged  surface  to  be  equal  to  the  weight  of  a  column  of  the  fluid  whose 
)ase  is  equal  in  area  to  the  surface  pressed  and  whose  altitude  is  equal 
x>  the  distance  of  the  center  of  gravity  of  such  surface  from  the  upper 
mrfaoe  of  the  fluid.  Galling  the  weight  of  a  unit  of  volume  of  the  fluid 
\^  the  pressure  on  a  single  ordinate  will  be : 

hy  X  Hiu  a 

(Y  being  angle  of  inclination  of  surface,  and  the  total  pressure,  from  our 
principle : 


/  y  X  sin  a 


dx 


aud  its  moment  with  respect  to  O  Y  (upper  line  of  surface) : 

Vh  I  V  X  sin  a  dx 


^  I  y  X  sin  a 
J  "^ 


The  moment  of  the  pressure  on  a  single  ordinate  with  respect  to  same 
line  is  A  y  j;  sin  a  x=h  y  x^  sin  a  and  the  limit  of  the  sum  of  all  these 

moments  hi   ya^  sin  a  dx. 

Equating  these  two  values:  * 

A  sin  a  /   yx^  dx  =  V  h  sin  a    I  yxdx 
Whence: 

J  0  y^  ^^ 


P= 


i 


0 


yx  dx 


A  formula  not  only  simple  and  easy  to  remember,  but  easily  deduced 
if  the  principle  is  borne  in  mind. 

If  the  surface  be  a  rectangle  y=ib 
aud: 

,  I    x^dx        o 
P=  ^J^    -     -=^.,=f  a. 

b  I   xdx 

Jo 

If  a  parabola,  whose  equation  is  then : 

y*=2p(x+a) 

rx=  •     ^y^^^pay'+4:p'  a'\  ydy 

}  x=.o    ^V  ^P'  J  P~ 

rx^--ff''2pa\ydy 

J.r=o    ^V     '^P     )P 

4     since  .t=— a  gives  y=o, 

""      7  ^'  and  a?=0  gives  y*=2  pa 
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A  little  coDsideratioQ  will  show  that  the  trath  of  the  principle  would 
not  be  affected  if  one  or  both  of  the  fhnctions  should  become  constant. 
The  newness  of  the  subject  of  the  manufacture  of  these  shot  moBt  be 
my  excuse  for  great  apparent  diffuseness.  I  have  endeavored  to  conui 
the  descriptions  as  much  as  possible;  in  some  instances  I  fear  closely 
approaching  the  limit  of  intelligibility. 

I  am.  sir,  very  respectftiUy,  your  obedient  servant, 

WILLIAM  OEOZIBR, 
First  Lieutenant  of  Ordntmo^ 

M%j/F.  H.  Parker, 

Commanding  Watertoton  Arsenal. 
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lySPECTlON  REPORT  OF  Q-INCS  H0TCHKI88  BANDED  CORED  8H0T. 
Bt  Lieut.  Eoobrs  Bxrnib,  Jb.,  Ordnancb  Depabtmbnt. 

(2  plates.) 

The  following  inoludes,  with  the  reports  of  inspection,  some  notes 
ipon  the  mannfocture  of  the  fabrications  inclnded,  viz : 

Two  hundred  and  three  supplied  under  contract  dated  November  11, 
884,  and  twenty  supplied  under-order  dated  January  8, 1885. 

A  drawing  (Plate  II)  of  the  shot  is  appended.  The  dimensions  and 
lata  upon  which  this  drawing  is  based  have  been  determined  by  the 
abrication  of  the  shot  in  question,  and  verified  by  the  weights  of  the 
inished  projectiles  compared  with  the  density  of  the  cast-iron.  The 
specific  gravity  of  the  iron  may  vary  between  7.15  and  7.30  and  retain 
he  finished  weight  of  projectile  between  the  limits  178.0  and  182.76 
>ounds,  corresponding  to  the  allowed  variations  of —  1  per  cent»and  -f  1^ 
>er  cent,  from  the  prescribed  average  weight  of  180  pounds.  The 
reightof  the  base  plug  is  1.5  pounds  and  of  the  finished  band  2.5  pounds, 
rhe  weight  of  cast-iron  turned  off  in  fitting  the  band  equals  (very 
learly)  the  weight  of  the  finished  band.  Since,  practically,  the  whole 
rariation  of  weight  occurs  in  the  cast-iron  portion,  due  to  slight  varia- 
ions  in  dimensions  of  unfinished  parts,  but  especially  to  variations  of 
ieusity  in  the  different  lot«  of  castings,  it  may  be  stated  that  the  aver- 
ige  weight  of  the  cast-iron  alone  after  the  cylindrical  portion  has  been 
Inish^  but  not  fitted  for  the  band  should  be  178.5  pounds  and  the  limits 
176  to  180.75  pounds. 

Plate  I  gives  a  drawing  of  the  pattern  used  for  the  shot  mold^ ;  it 
«how8  the  manner  of  laying  out  the  pattern  to  compensate  for  the  shriuk- 
i^e  of  the  casting.  It  is  arranged  to  cast  the  base  and  curve  of  head 
\x>  finished  size.  The  extreme  point  and  cylindrical  portion  of  shot  are 
then  the  only" portions  requiring  a  machine  finish.  The  amount  of 
shrinkage  varies  with  the  nature  of  the  iron  used,  but  the  following, 
ii|K)D  which  the  drawing  is  based,  may  be  taken  as  approximately  cor- 
rect, viz : 

Inches. 

Shrinkage  on  length  of  head 0. 125 

Shrinkage  on  length  of  body 0. 06 

Shrinkage  on  diameter  at  base  of  head 0. 05 

The  extreme  point  shrinks  relatively  more  than  the  portions  of  larger 
diameter  and  there  is  a  tendency  for  the  casting  to  become  too  blunt 
there.  To  compensate  for  this  the  radius  of  curve  for  head  of  pattern 
is  made  greater  than  that  prescribed  for  the  shot,  and  the  two  curves, 
in  place,  are  not  parallel,  but  diverge  towards  the  point.    The  two  cen- 

397 


398 


REPORT  OP  THE  CHIEF  OF  ORDNANCE. 


ters  aretakon  upon  the  same  vertical  line,  a  prolongation  of  the  diam- 
eter at  base  of  head  of  finished  shot. 

Upon  the  diameter  of  cylindrical  portion  of  shot,  which  mast  be  ma 
chine-finished,  the  pattern  is  made  three-sixteenths  of  an  inch  larg^^ 
than  the  finished  size,  to  include  allowances  for  the  shrinkage  and  ihij 
surplus  metal  needed  for  the  finish.  This  portion  of  the  pattern  i8joib<;i| 
to  the  curve  of  head  by  a  gentle  slope  to  obviate  the  occnrrence  of  i 
shoulder  in  case  the  shrinkage  on  the  diameter  at  base  of  head  exm^i^ 
the  allowance. 

The  arrangements  for  the  core  mold  of  these  shot  is  similar  to  thb 
described  in  Kotes  on  the  Construction  of  Ordnance,  No.  26.  The  san 
molds  for  the  core  and  shot  are  both  oven-dried.  The  shot  are  (^ 
point  down,  and,  as  before  stated,  with  finished  base,  only  the  '^hser] 
is  removed  at  the  ^'chipping''  bench.  As  soon  as  the  metal  is  poar^ 
the  casting  is  "fed ^' with  hot  metal  poured  from  time  to  time  from  ^ 
hand  ladle  into  the  riser,  and  this  metal  is  stirred  by  an  up  and  dovj 
motion  of  an  iron  rod,  in  the  hands  of  a  helper,  which  is  thrust  dowj 
to  reach  nearly  the  coie  mold,  but  not  to  touch  it.  The  feeding  \&  god 
tinned  until  the  casting  is  "set."  Under  this  process  air-holes  or  cav 
ities,  which  are  liable  to  occur  near  the  upper  surface  of  a  casting  mm 
without  feeding,  are  rarely  found,  and  the  hard  skin  of  the  natanj 
casting  left  on  the  base  is  believed  to  be  conducive  to  the  strength  ^4 
the  shot. 

Pursuant  to  the  usual  practice  at  this  foundry,  these  shot,  having  i 
prescribed  tenacity  of  25,000  pounds  per  square  inch,  were  cast  wi'J 
metal  taken  directly  from  the  air-furnace.  The  following  gives  a  recor^ 
of  the  castings  and  tests  of  the  metal : 

Records  of  castingB  and  te$ts  of  metal. 


Castiiigs. 


Tetto. 


Bate.        4J 

i 

'I- 


Chargre  of  iron  in  peroentagiw. 


1884. 
Nov.  17 
22 


Dec. 


15 

17 

19 

22 
27 


2 
50 

50 

50 

50 

« 
29 


I 


A 
B 

C 

D 

Of 

£ 


179.8 
188.5 

184.8 

185.2 

185.0 
184.8 


% 


24.5 
28.8 

25.0 

38.7 

30.3 

24.8 
28.1 


■ 

§ 


(16 


o 

II 


6.6 
11.8 


4i 

o 

■g 


17.9 


19.3 

28.8 

14.2 
15.7 


26.3 
6.1 
6.0 
6.5 


s 

m 
5 


15.9 
2a3 

24.3 

15.5 

15.1 

43.8 
25.8 


p. 

t 

o 


2&5 
31.5 

24.3 

20.1 

19.7 

10.6 
80.5 


s       1 

• 

1 

^ 

• 

H 

»4 

80.9Q0 

7. 3181 

28,888 

7. 1969 

24,285! 

7.347J 

:  28. 749 

7.3832 

•28.928 

7.878» 

26,344 

7.2443 

29.090  . 

7.8446 

:  28. 522 

7.2927 

31.363 
>31,947 

7.3479 

7. 2727 

31,416 

7.3848 

Bbm ARKS.— The  onpola  sorap  inoladea  only  broken  castings  of  the  best  qoiJity  of  castiags.  Wkm 
two  records  of  tests  are  given  for  one  lot  of  castings  the  first  is  from  the  proof  bar  and  tbe  m 
ond  from  the  middle  wall  of  shot  opposite  the  greatest  diameter  of  core.  Where  a  single  te«t  \At^t 
the  BiMoimen  was  taken  from  the  wall  of  shot  as  above. 


Before  casting  lot  B  the  two  sample  shot  were  finished.  They  wew 
fonud  to  be  light  in  weight,  and  authority  was  obtained  to  increase  the 
length  of  the  shot,  which  was  done  by  adding  "0.25  to  the  base  of  the 
forward  portion  of  the  shot  pattern  at  the  "parting  line.''    The  remaia 


REPORT  OP  THE  CHIEP  OP  ORDNANCE. 


399 


ing  castings  were  made  with  this  pattern  and  the  drawing  of  the  finished 
shot  herewith  (Plate  II)  corresponds  to  the  shot  ^o  made.  Of  the  fifty- 
two  castings  made  with  the  original  pattern,  the  finished  shot  weigh 
between  177  and  179  poands.  Of  those  made  after  the  length  was 
increased  the  average  weight  is  181  pounds  nearly,  bat  it  may  be  seen 
that  the  density'  of  the  metal  is  uniformly  high  and  above  the  average 
of  what  may  be  expected  in  the  usual  run  of  manufacture. 

In  finishing  the  shot  the  several  operations  are  as  follows :  The  small 
cylinder  at  the  point  is  first  turned  off  and  the  point  finished  to  conform 
to  the  curve  of  head  of  shot.  The  base  plug  hole  is  then  reamed  out 
and  the  thread  for  base  plug  (eight  to  the  inch)  finished.  Next  the  base 
of  the  cylindrical  portion  of  shot  is  finished- turned  for  a  length  of  about 
0.75  inch  in  a  lathe  to  give  a  starting  place  for  the  circular  cutters  used 
in  the  hydraulic  ])re8S  for  finishing  the  cylinder.  The  shot  is  passed 
twice  through  the  press  to  make  one  roughing  and  one  finishing  cut. 

In  fitting  the  shot  for  the  band  the  grooves  are  first  roughed  out  in 
the  lathe  with  a  simple  cutting  tool  and  then  finished  with  a  tool  shaped 
to  include  the  whole  of  the  portion  of  the  shot  covered  by  the  band. 
The  three  grooves  in  the  two  rear  lands  ander  the  brind  intended  to 
prevent  the  band  from  turning  when  the  shot  is  fired  are  made  with  a 
hand  tool. 

The  composition  of  the  band  metal  is  ninety -five  parts  copper  and  five 
parts  spelter,  the  latter  being  added,  as  is  understood,  to  increase  the 
soundness  of  the  castings.  The  castings  are  made  as  a  simple  cylinder 
or  band  with  sufficient  surplus  metal  to  finish  on  all  sides.  In  order  to 
assemble  them  on  the  shot  they  are  faced  at  the  ends  and  the  interior 
finished  to  an  easy  driving  fit  over  the  two  rear  lands  on  shot.  The 
diameter  of  the  cylinder  of  shot  in  rear  of  band  is  made  slightly  smaller 
than  that  of  the  lands  named  in  order  to  pass  the  band  over  it.  When 
the  band  is  on  it  is  hammered  down  at  the  ends  to  give  them  proper 
bearings.    The  exterior  of  the  band  is  then  finished  in  the  lathe. 

BEOOBD  OF  OASTINaS. 
Band$  for  9-%noh  Hoiohkiss  prafectiles. 


Ko. 

CMt 

Charge  of  metals. 

Porcent- 

.  Average 

roDgh 

weigbtof 

'  caatinga.  < 

1 

Loaaof 

Date. 

1 .  - 

Copper. 

Spelter. 

Compo- 
Bitioii.    1 

Total 
weight. 

ag*f  ui' 
Bpeltei. 

metal 
charged. 

1884. 

Pfmnd*. 

Poundi. 

Poundt. 

Poundt. 

Poundi. 

Poundt. 

CDee.      1 

22 
80 

126.0 
178.0 

8.25 
9.0 

131.25 
207.0 

4.76 
4.81 

4.7 
4.7 

0.75 

2 

.......... 

io.'o' 

2.0 

8 

80 

125.0 

7.0 

80.0 

102.0 

5.3 

4.7 

8.0 

4  1 

15 

00.0 

5.0 

25.0 

120.0 

6.26 

4.7 

2.6 

5  ' 

30 

120.0 

8.5 

50.0 

176.5 

5.13 

4.7 

3.0 

6  < 

80 

138.0 

7.5 

30.0 

173.5 

5.22 

4.7 

3.6 

«  1 

30 

122.0 

7.0 

60.0 

189.0 

6.42 

4.7 

8.0 

9 

15 

48.0 

2.5 

40.0 

00.5 

4.05 

'           4.7  ' 

2.5 

31 

22 

158.0 

8.0 

15.0 

181.0 

4.82 

4.7 

3.0 

_      _ 



The  base  plugs  of  wrought  iron  are  rough-forged  to  shape  in  a  die 
using  a  small  steam-hammer,  and  then  finished  and  threaded  in  a  lathe. 
To  insure  a  tight  fit  the  thread  in  the  base  plug  hole  of  shot  is  sized, 
for  the  finish,  with  a  screw  tap  corresponding  to  the  finished  thread  on 
the  plug. 
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The  following  give  the  summary  records  of  the  inspection  : 

Inspection  report  ofS-inch  ogivaUheaded  HotcMUsenroJecHles  for  hreef^-loading  rifles  mad$ 
for  the  United  States  Ordnance  Department  hy  West  Foint  Foundry  AssooiatUm,  at  West 
Point  Foundry,  under  conU'aot  of  tne  Chief  of  Ordnance,  U,  S,  Army,  dated  NovmUw  11, 

1884. 


Snl]j«ot  of  meMurement. 


Prescribed 
dimeoflioiia.i 


Allowed  ▼arift- 
tiona. 


FBOJBCnUI. 

Length  of  cylindrical  portion  of  body  to  band . 

Length  of  head 

C  for  band 

Length  of  baae  <  in  rear  of  band 

( in  rear  of  cylindrical  portion 


Total  length  of  projectile 

Diameter  of  cylindrical  portion 

Diameter  of  base  in  rear  of  band  

Badiasof  head 

Thicknesa  of  bottom 

Length  of  interior  cavity 

ThicKne^s  of  walla  at  1.05  Inohea  from  baae  . . 

Eccentricity  of  axia  of  interior  cavity 

Diameter  of  screw -ping  hole 

Pitch  of  thread  on  acrew-plag  hole 

Length  of  thread  on  fnae  |or  acrew-plag)  hole 

Number  of  oannelurea  nnder  band 

Depth  of  oannelarea  ander  band 

Width  of  canuelarea 


Indu9. 
•7.86 

7.eo 

&902 
2.048 
.5 
.25 
*1».  05 
19.3 
7.05 
7.86 
12.0 
2.S 
10.25 
2.225 


}  +0. 15 


Bounds. 


I 


—a  17 

^:0.  01 

±0.19 

±0.01 
±0.01 
±0.05 
±0.1 
±0.1 
±0.1 
0.1 
±0.01 


L5 
8  to  inch. 
2.3 

4  

0.116  to  0.149 
0. 225  to  0. 52 


Weight  of  prqjectUe,  including  plug  and  without  band.. 


±0.1 


177.5 


9+2.7 
1-1.8 


BJLKD. 


Length  of  band 

Exterior  diameter  of  band 

Interior  diameter  of  band  (maximum). 

Thiokneaa  of  band 

RadiuA  of  curve  at  front 

Weight  of  band  


Weight  of  band  and  pro)ectUe. 


2.048 

8.15 

7.862 

0.144 

4.076 

2.5 

180.0 


±0.01 
±0.01 
±0lO1 
±0.01 


J +2.7 
{-1.8 


Number  of  8-inch  Hotcbkiaa  projectilea 
examined 

Number  rejected  for  eccentricity  of  in- 
terior cavity 

Number  rejected  for  defecta  in  material 
or  flniah 

Total  num  ber  rcj  ec  ted 

Total  number  accepted 

Weight  of  heavieat  one  accepted  (com-  ( 

r)lete)  { 
eight  of  lightest  one  accepted  (com-  C 


plete) 


213 


9 

10 

203 

»179 

182 

»177 

179 


Weight  of  total  number  accepted  (ex* 

eluding  band) 86,076.5 

f  *m  6 

Mean  weight  of  projectile  (complete)  ...<  jgj]  g^ 

Number  banda  examined.  ■ 205 

Number  of  iMnda  rejected  for  defecta  in 

material  or  flniah 2 

Total  number  of  banda  rejected 2 

Number  of  banda  accepted 203 

Weight  of  total  number  accepted 507  5 

Mean  weight  of  band 2.5 

Weight  of  total  number  of  ahot  and 


number  of  ahot 
bands  accepted  36,584 

"  Under  original  contract  drawing ;  after  fifty-two  ahot  had  been  caat  the  length  of  **  cylindrical  por- 
tion of  body  "  was  incrnased  0''.25,  uuder  authority  of  the  Chief  of  Ordnance  U.  S.  Armv,  per  telegram 
dated  November  26,  1884. 

PHYSICAL  PROPERTIES. 


Tenacity. 


Specimen. 


Six  apecimena,  one  from  C 
ea^  lot  of  caatioga . .  { 


Density 
(actual). 


Pre- 
acribed. 


ActnaL 


Allowed  I    Actual 
variationa.  i  variationa. . 


BaadmetaL 


7. 1950-1 
7.3332  ' 


26,344 
31,947  V 


+1,344     95  parts  copper. 
-f-6,947     5  parca  spelter. 


Average <      7.2650  i      25,000        27,612 


—750  '      +2,612 


RBsC4KKa.— Ou  thei«e  fabrioationa  as  baaea.  a  revised  drawing,  inapector's  file  No.  247,  has  been  cob- 
truoted.    Shipped  to  Uniteil  States  Proving  Ground,  Sandy  Hook,  N.  J.,  January  16,  1885. 

I  certify  that  I  have  carofiiUy  iuspocted  tho  above-noted  projectiles,  and  that  they  conform  to  tot 
dimensions  prescribed  within  tliD  v.iri.fcti«)us  allowod;  and.  further,  thit  the  terms  or  the  coatract  as 
to  material  and  worlcm-inshiu  hive  been  complied  with  in  their  manufacture. 

R.  BIRNIB,  JB.. 
LietUenant  q^  Ordnanee,  Intfsctor, 
Date  of  inapection,  December  31,  1884. 
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Imn^eHom  report  cfS^meh  ogivaUkeaded HoichkiuprojeotUM  for  Weeoh-loading  rifie$  made 
fir  the  United  8taie$  Ordnance  Department  by  freat  Point  Foundry  AaaoeUUiont  at  We$t 
Foimt  Fomndrgf  under  order  of  the  Chi^  of  Ordnance,  U.  8.  Army,  dated  January  8, 1885. 


SnbiJeet  of  mMMarement. 


PBOJICTILB. 

Lengtik  of  eyUndrical  portion  of  body  to  band. 

Length  of  head 

Lonxthof  baoe: 

For  bnnd 

Inronrof  bond 

In  roor  of  cylindrloal  portion 

Total  longth  of  projectile 

Dinmeter  of  baoe  in  rear  of  band 

Sadlasof  head 

Thiokneoaof  bottom 


PiMOTlbed 
dimenaiona. 


Lencth  of  Interior  oavity 

Thickneaa  of  walla  at  4.06  Inohea  ttom  baae. . . 

Booentnolty  of  axis  of  interior  oarity 

Diameter  of  ecrew^plng  hole 

Piloh  of  thread  on  acrew-plnghole 

Lfiigth  of  thread  on  ftiae  (or  screw-plug)  hole . 

Number  of  oannelorea  under  band 

Depth  of  cannelarea  nnder  band 

Width  of  oannelarea 


InehM. 
•7.00 
8.003 

2.048^ 

0.6 

0.26 
O0.8 

7.06 

7.80 
12.0 

2.8    I 
10.261 

2.226 


Allowed  Tarla- 
tiona. 


C        7.06^ 
{        7.80  J 


Ineh. 
+0.18 
—0.17 

±0.01 

±0.06 
±0.10 

±0.01 

±0.06 

±0.1 

tO.1 
0.1 
1. 6       ±0. 01 
8  to  the  inch. 
2.8     ;±o.i 

4.        I 

0. 118  to  1. 148 
0. 226  to  0. 62 


Pounde. 


Weight  of  projectile,  including  ping  and  withoat  band \\    177. 6 


BAITD. 


Length  of  band 

Exterior  diameter  of  band , 

Interior  diameter  of  band  (maximam), 

Thickneaa  of  band 

Badlna  of  cnrve  at  front 

Weight  of  band 

Weight  of  band  projectile 


2.048 

&16 

7.862 

0.144 

4.075 

2.6 


±0.01 
±0.01 
±0.01 
±0.01 


180 


{±t 


±2.7 
8 


J +2.7 
{-L8 


Ifnmber  of  8-Inch  Hotohkiaa  projectilea 

examined 20 

Total  nofflber  accepted 20 

Weight  of  heavieet  one  accepted  (coro- 

W>lete) 182 
fight  of  lighteat  one  accepted  (com- 
plete)   180 

weight  of  total  number  accepted  (exolod- 
bkgband) 8,683 

'  DImenaiooa  aathorised  by  telegram  of  Chief  of  Ordnance,  U.  8.  Army,  dated  Koyember  20, 1884. 

PHYSICAL  PR0PEBTIB8. 


Mean  weight  of  projectile  (complete) 1 8L 16 

Namber  of  bands  examined 20 

Namberof  bands  accepted 20 

Weight  of  total  namber  accepted 60 

Mean  weight  of  band  2.6 

Weight  of  total  namber  of  ahot  and  iMnda 
accepted 8,i 


Bpedmen. 

Density 
(actnal). 

Tenacity. 

BandmetaL 

Pre. 
scribed. 

AetnaL 

Allowed 
▼arla- 
tiona. 

Actnal 
raria- 
tiona. 

One 

7.2840 

26^000 

81,410 

—760 

+6,410 

06  parts  copper. 
6  parts  spelter. 

RlMABXs.— On  these  fabrications  as  bases,  a  revised  drawing,  inspector's  file  No.  247,  has  been  con- 
itmctad.    Shipped  to  United  States  Proving  Groand,  Sandy  Sook.  K.  J.,  January  10, 1886. 

I  certify  that  I  have  carefully  inspected  toe  above-noted  proleotiles,  and  that  thev  conform  to  the 
dfanenalona  preooribed  within  the  variations  allowed:  and,  fartner,  that  the  terms  of  the  order  as  to 
materiil  and  workmanship  have  been  complied  with  in  their  manufkoture. 

R.  BIRKIS.  Jr., 
LUuttnant  qf  Ordnanee^  IntpeeUnr. 

Data  of  Inspection,  January  0, 1886. 
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The  course  of  inspection  pursued  with  these  shot  was  as  follows: 

(1)  After  the  castings  had  been  cleaned  and  chipped  they  were  ei- 
amined  for  serious  defects  and  to  verify  the  '^  length  of  interior  canty'' 
and  the  '^  thickness  of  bottom."  One  shot  of  each  lot  was  taken  to  the 
finishing  shop  as  soon  as  possible  after  the  casting  and  cut  in  two 
across  the  thinnest  portion  of  the  wall.  The  tenacity  sx>ecimeo  was 
then  cut  with  a  hollow  boring  tool  from  the  base  portion  opposite  to  the 
base  of  the  core.  It  was  sought  to  have  the  results  of  the  tests  aviail- 
able  before  finishing  work  was  begun  on  the  castings. 

(2)  The  cast-iron  bodies  were  weighed,  gauged,  &c.,  and  ^*  rolled " 
for  eccentricity  following  their  finish  in  the  press. 

(3)  The  bands  were  examined  for  defects  after  being  faced  at  the  ends 
and  bored. 

(4)  The  shot  having  been  completely  assembled  the  finished  dimen- 
sions of  the  exterior  of  band  were  verified  and  the  shot  were  weighed, 
and  the  weight  of  each,  to  the  nearest  pound,  stamped  on  the  cast-iron 
body  in  rear  of  the  band. 

B.  BIENIE,  Jr., 
Lieutenant  of  Ordnamt. 

West  Point  Foundry,  January  22, 1B85. 
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Appendix  38. 


REPORT  ON  THE  MANUFACTURE  OF  8-INCH  CHILLED  PROJECTILES. 

Bt  Caft.  D.  a.  Ltlb,  Ordnance  Department. 

The  general  methods  pursued  in  the  manufacture  of  84nch  projectiles 
have  been  treated  before. 

The  subject  of  "  allowed  variations  ^  was  carefully  noted  in  the  fabri- 
cation of  this  lot  of  projectiles.  It  is  found  that  uo  difficulty  is  en- 
conntered  in  holding  the  contractors  to  the  limits  laid  down  in  the  pro- 
visional table  of  allowed  variations  sent  from  the  Ordnance  Of^ce  and 
dated  November  21, 1884. 

The  small  loss  of  projectiles  from  erroneous  dimensions  as  compared 
with  some  previous  contracts  sufficiently  demonstrates  this  fact.  I 
would  respectfully  recommend  that  the  above  mentioned  table  of 
*< allowed  variations''  be  adhered  to  in  future  contracts  for  this  class  of 
projectiles.  The  allowances  may  be  somewhat  stringent,  but  all  come 
within  the  mechanical  possibilities  of  manufacture  by  the  exercise  of 
reasonable  care.  The  greatest  difficulty  seemed  to  be  encountered  in 
the  boring  out  of  the  chilled  cast-iron  molds  for  the  heads  of  the  pro- 
jectiles. The  inspectors  recojnmended  the  following  procedure  in  this 
o]>eration : 

(1^  To  bore  out  the  chills  to  their  approximate  dimensions. 

(2)  To  All  them  with  molten  cast  iron  from  one  to  three  times,  to  ex- 
pand the  chill,  no  attention  being  paid  to  the  quality  of  the  melted 
iron  as  heat  was  the  only  thing  required.  This  treatment  expanded  the 
chill  and  gave  it  an  initial  permanent  set,  enlarging  it. 

(3)  Then,  to  ream  the  interior  out  a  little  more,  but  still  keeping  be- 
low the  required  diameter. 

(4)  Fill  again  with  molten  iron  and  expand  the  chill  as  before.  This 
repetition  should  give  the  chill  about  all  the  permanent  expansion  that 
it  will  undergo  from  heat  alone. 

Of  course,  from  oxidation  and  scaling  ofi,  the  chill  will  gradually  en- 
large by  use.    The  life  of  a  chill  was  not  definitely  determined. 

^uble  was  found  in  the  thickness  of  the  walls  around  the  largest 
diameter  of  the  core  cavity.  This  was  discovered  to  result  from  the 
asymmetry  of  the  core;  the  convexity  on  one-half  being  greater  than 
on  the  other,  due  to  the  fact  that  in  molding  one-half  of  the  core-box 
was  removed,  slightly  disturbing  and  sometimes  breaking  the  surface 
of  the  core.  The  upper  or  defaced  half  of  this  core  was  smoothed  and 
the  surface  finished  by  the  molder's  trowel.  The  strokes  with  this  in- 
strument were  generally  directed  toward  the  largest  diameter,  which 
increased  the  convexity  of  the  upper  half  of  the  core  by  carrying  the 
plastic  material  forward.  This  resulted  in  the  increase  of  that  semi- 
diameter  of  the  core  and  a  consequent  reduction  in  the  thickness  of  the 
walls  of  the  projectile  on  that  side. 
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At  the  close  of  the  casting  two  chills  were  selected  for  meaaaremeiit 
to  ascertain  the  extent  of  the  deformation  due  to  repeats  use.  The 
largest  and  smallest  were  taken,  in  order  to  get  the  extreme  range. 

The  following  exhibits  the  results  of  the  comparison : 

Inieriar  dimentUnu  of  otuUiron  chUl  mold§. 


Leogth  of  oy Under  directly  in  rear  of  head 

Diameters  of  cylinder: 

Horiaontal 

Vertical 

Difference «, 

Diameter  at  base  of  oglvalhead: 

Horisontal 

Vertical 

Difference 

Total  length  interior  cayity  of  chill 


CUDa. 


Largeat 

teaDML 

JndUt. 

L 

L 

&1» 

a  lot 

.007 

1U4 

1I» 

&003 
8.000 

.019 
10.111 

11 

lOft 

iim 

The  standard  diameter  of  the  cylinder  directly  in  rear  of  head  u 
T'.95j  from  which  it  is  seen  that,  provided  the  metal  did  not  shrink  dia- 
metrically in  cooling,  and  preserved  the  dimensions  given  by  the  iiit4>- 
rior  of  the  chill,  there  would  remain  y'242  excess  of  metal  to  be  removed 
in  finishing. 

As  a  matter  of  fact  the  metal  does  contract  and  less  than  that  amoant 
has  to  be  removed,  especially  in  the  earlier  castings  before  the  ctulk 
become  deformed  and  elliptical. 

The  shell-hook  holes  in  the  ogival  head  were  omitted  in  this  contract 
and  no  difficalty  was  experienced  in  taming  the  exterior  withoat  their 
presence,  except  that  the  lathes  employed  were  heavier.  Defects  are 
sometimes  found  on  the  interior  of  the  cavity  at  the  rear  end  which  are 
difficult  to  detect. 

A  shot  cast  in  a  previous  contract  was  found  to  have  a  crack  extend 
ing  longitudinally  from  end  to  end  that  had  eluded  the  most  careful 
scrutiny,  and  was  only  developed  when  the  attempt  was  made  to  split 
it  open  to  discover  the  depth  of  chill. 

No  trouble  was  experienced  in  getting  the  proper  depth  of  chill,  as 
was  shown  by  the  sample  broken  from  each  lot  cast.  There  were  slight 
variations  of  course  in  this  depth,  but  not  greater  than  was  to  be 
anticipated. 

The  major  part  of  the  iron  used  for  these  projectiles  came  from  chilled 
car- wheels,  which  were  broken  up  and  melted  with  a  proper  proportion 
of  fresh  pig. 

The  junction  of  the  chilled  and  unchilled  parts  of  these  projectiles  is 
weak  diametrically,  especially  with  so  brittle  a  material  as  cast  iron. 
I  would  therefore  recommend  that  attempts  be  made  to  replace  these 
shot  with  low  steel  containing  enough  carbon  to  take  the  proper  chill 
and  prevent  excessive  upsetting  on  impact. 
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DtXaiU 

of  ctuting. 

k 

•1 

Charge  In  fkunaoe. 

a 

• 

•a 

1 

Kemarks  aa  to  ohar* 

! 

6 

i 

■ 

6 

1 

i 

1 

• 

1 

aotorof  ohilL 

1 

Dee.  81 

15 

4100 

1400 

800 

5800 

24928 

7.2568 

2 

Ju.     8 

18 

4000 

1400 

400 

5800 

24798 

7.2628 

) 

Jen.  12 

27 

4700 

1700 

800 

6700 

96298 

7.2170 

4 

Jan.   16 

80 

5200 

1400 

6600 

24546 

7.2197 

6 

Jan.  28 

28 

5200 

1800 

7000 

24846 

7.2827 

6 

Jan.  29 

29 

5200 

1800 

7000 

25200 

7.2246 

7    Ju.  80 

29 

4700 

1800 

400 

6900 

24481 

7.2198 

8    Jan.  81 

80 

5800 

1400 

6700 

26570 

7.2618 

8    Feb.    2 

80 

6100 

2000 

800 

8400 

25284 

7.2782 

10  ;  Feb.    3 

88 

6100 

1900 

400 

8400 

25279 

7.2696 

About  right. 

11  1  Feb.    4 

84 

6100 

2000 

800 

8400 

26084 

7.2994 

Do. 

12    Feb.    6 

88 

6400 

2100 

800 

8800 

27819 

7.2589 

Llttiedeep. 

la    Feb.    6 

88 

6600 

2200 

850 

9150 

24669 

7.1992 

Do. 

14    Feb.    7 

88 

6600 

2150 

850 

9100 

260R8 

7.2096 

▲boot  right. 

15    Feb.    9 

86 

6300 

2000 

200 

8500 

24704 

7.2827 

Little  deep. 

U    Feb.  10 

86 

6250 

1860 

450 

8550 

24616 

7.2747 

Litae  light, 
▲bout  right. 
Little  Ught  I". 

17    Feb.  11 

86 

6250 

1850 

450 

8550 

25818 

7.2959 

18    Feb.  la 

86 

6250 

1950 

450 

8650 

26175 

7.2851 

19  ,  Feb.  13 

86 

6-250 

1950 

450 

8650 

25111 

7.2791 

Do. 

20  *  Feb.  14 

88 

6460 

2050 

550 

9050 

25721 

7.3021 

Little  deep^  bat  good. 

n    Feb.  16 

86 

6400 

2200 

460 

9050 

25465 

7.2898 

Good. 

a    Feb.  17 

86 

6300 

2200 

450 

8850 

24798 

7.3011 

Good,  bnt  deep. 

23    Feb.  18 

86 

6300 

2200 

450 

8950 

26614 

7.2871 

Little  deep. 

24    Feb.  19 

86 

6800 

2200 

450 

8950 

24851 

7.2750 

Good. 

25    Feb.  20 

88 

6450 

2050 

560 

9050 

26437 

7.2380 

▲U  right 

28    Feb.  21 

86 

6800 

2200 

450 

8950 

24799 

7.2747 

Do? 

27    Feb.  23 

36 

6300 

2200 

450 

8950 

24636 

7.2883 

28    Feb.  24 

88 

6600 

2200 

850 

9150 

25642 

7.2560 

S»    Feb.  25 

36 

6300 

2200 

450 

8950 

26437 

7.2422 

10    Feb.  26 

38 

6600 

2150 

850 

9100 

26702 

7.2726 

II     Feb.  27 

86 

6800 

2100 

500 

8900 

24976 

7.2549 

32 

Feb.  28 

\ 

1 

38 

6800 

2100 

400 

8800 

25200 

7.2774 

KBCAPITULATION. 


a 

•4 

I 

a 

0 


t 

3 
J 

a 

0 


82 


1,070 


Charge  in  flunnoe. 


t 

I 


a 


& 


P<nmda.  'Potmdt. 
190,500  I  62,700 


Pounds. 
11,260 


& 


Pounds, 
264,450 


.    Tenaoity. 


Density. 


27819 


24851 


S 


25455 


7.8021 


7.1902 


I 


PoundSm 

Total  weight  of  Iran  melted 964,460 

Tetal  weight  of  shot 182,485 


Table  9hawing  weighU  of  1,000  8-inoIi  Butler  ohilled  shot. 


Knmber  weighing— 

TotaL 

1 

m 

a 

i 

8 

• 

•9 

a 

1 
s 

298 

1 

3 

858 

• 

1 

146 

8 

Remarks. 

I 

87 

157 

1,000 

Mean  weight,  182.4  pounds. 
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Inspection  report  of  *0  S-ineh  ogivaUheaded  Butler  chilled  shot  for  S-lndk  wuluU  UedUf 
rifles  f  made  for  the  U,  8.  Ordnance  Departinentby  South  Boston  Iron  WorkSf  mt  SwIABm- 
ton  Foundry  J  under  order  of  Chitf  of  OrdnancCf  U.  8.  A.,  dated  April  3, 186&. 


Sabject  of  measorement. 


Prescribed 
dimensions. 


PBOJBCTILS. 


Length  of  cylindrical  portion  of  body 


Length  of  head 

Length  of  base  for  sabot 

Total  length  of  projectile 

Diameter  of  cylindrical  portion 

Diameter  of  base  over  lock 

Badina  o  f  head 

Thickness  of  bottom 

Length  of  interior  cavity 

Thickness  of  walls  at  3.8  inches  from  base. 

Eccentricity  of  axis  of  interior  cavity 

Diameter  or  sorew-plag  hole 

Titch  of  thread  on  screw-plug  hole 

Length  of  thread  on  screw-plug  hole 


BABOT. 


Height  of  sabot 

Exterior  diameter  of  sabot 

Interior  dl«n.tor of  »bot JiSSS!*^: 

Maximum  thiokness  of  outer  lip 

Micimam  thickness  of  onterlip «... 

Depth  of  cannelure 


Weight  of  sabot  and  prcijeotile. 


{ 


Inehss. 

7.3 
1.05 

8.95 

2 
19.80 

7.95 

7.80 

6.375 
12 

2.25 
10.3 

2.85 

0 

1.5 

8 

2.325 


1.7 
7.95 
5.875 
5.375 
0.23 
0.28 
0.8 
Pounds. 
183 


Allowed 
▼ariatloiia. 


In^st. 


itl 


Perei. 

ft 

+1* 


±.05 


5   dr.Oi 
I  ±.ff2& 


±.01 

±.01 

±.01 

±.01 

±.01  I 

±.01  I 

±.01 


—2 


±1 


ITiunber  of  8-inch  Batler  chilled  shot  ex* 

amined  10 

Totalnomber  accepted 10 

Weight  of  heaviest  one  accepted 183 

Weight  of  ligbtest  one  accepted 180 

Weight  of  total  number  accepted 1, 818 

Mean  weight  of  projectile,  pounds 18L  8 


Number  of  sabots  examined M 

Number  of  sabots  accepted II 

Weight  of  total  number  accepted  (rough 

state)  pounds IN| 

Mean  weight  of  sabot pounds.,  l^ 

Weight  of  total  number  of  shot  and  sar 

botsaocepted pounds..  1,811 


PHYSICAL  PBOPEBTISS. 


Specimen 

Density 
(actual.) 

Prescribed. 

Tenacity. 
ActuaL 

Allowed 
variations.. 

Mean ... 

7.2622 
7.8021 
7.1992 

25000 

25456 
27319 
24351 

Percent. 

—3 

MATimnm .- 

Minimum 

24250 

Bbmarkb.— Shipped  to  Watertown  Arsenal,  April  6, 1885. 

I  certify  that  I  nave  carefully  inspected  the  above-noted  pn^ectilea,  and  tibat  they  eonfonn  ts  tke 
dimensions  prescribed  within  the  variations  allowed ;  and  further,  that  the  terms  of  the  order  m  to 
material  and  workmanship  have  been  complied  with  in  their  manufacture. 
Date  of  inspection,  April  6,  1885. 

D.  A.  LTLSl 
Ckiptain  of  Ordnance^  Intpeittr. 
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In^pcoHon  report  of  1,000  8-inoh  offival  headed  Butler  ehilled  shot  for  B-inch  muzzle-load- 
ing rifiozy  made  for  the  U.  8.  Ordnance  Department  by  South  Boston  Iron  Works,  at  South 
Boelom  Foundry,  under  oontraot  of  Chief  of  Ordnance,  0.  8,  Army,  dated  Deoember  I, 
1884. 


Sal^oct  of  measaremeni. 


PBOJBcnui. 

Length  of  cyltndrioal  portion  of  body 

Length  of  hMd 

Lenfrth  of  base  for  sabot 

Toua  length  of  prcjeotile 

Diameter  of  cylindrical  portion 

Diameter  of  baae  over  lock 

Kadlaaof  bead 

ThickneM  of  bottom 

Length  of  interior  cavity 

Thleknem  of  walls  at  3.8  inches  from  base 

Bccentrlcity  of  axis  of  interior  cavity 

Diameter  of  screw*plag  bole 

Pitch  of  thread  on  8orew*plag  hole 

Length  of  thread  on  screw-plDg  hole 


8AB0T. 


Height  of  sabot 

Bxterior  diameter  of  sabot 

Interior  dUmeter  of  sabot  [  K^Jj^*???*. 

Ifazimnm  thickness  of  outer  Up 

Minimnm  thickness  of  enter  lip 

Depth  of  cannelnre 


Weight  of  sabot  and  projectile. 


Prescribed 
dimensions. 


Inehei. 
7.8 
1.05 
a05 
2 

10.80 
7.05 
7.80 
6.875 

12 
2.25 

10.8 
2.35 


1.5 

8. 

2.825 


1.7 
7.05 
5.87^ 
8.875 
.23 
.23 
.8 
Potindt, 
183 


Allowed 
variations. 


Inch. 


±.06 


±.01 

i:.025 


db.OS 

±.1 

±.l 


±.l 

rfc.Ol 


±.01 
±.01 
±.0l 
±.01 
±.01 
±.01 
±.01 


P.eL 
-2 


±1 


±2 


Ksmber  of  8-inoh  Sutler  ehUled  shot  ex- 
smined 1, 080 

Huniber  rejected  for  enoneona  dimensions 
ofcylindricbodvor  base 6 

Ksmber  rejected  for  erroneous  dimensions 
of  interior  cavity 


Komber  r^ected  for  eccentricity  of  in- 
terior cavity 

Hnmber  iciieoted  for  defects  in  materia] 

•r  finish 

Tstsl  number  r^eoted 

Total  number  accepted 1,000 

Weight  of  heaviest  one  accepted lbs . .       185 

Weight  of  lightest  one  accepted do. .       170 


28 

25 
60* 


Weight  of  total  number  accepted . .  lbs . .  18S|  4S6 

Hean  weight  of  projectile do. .  188. 4 

yumber  of  sabots  examined 1,002 

Number  of  sabots  r^eeted  for  errone- 
ous dimensions 0 

Number  of  sabots  rejected  for  defects 

in  material  or  finish 2 

Total  number  of  sabots  rejected 2 

Number  of  sabots  accepted 1,000 

Weight  of  total  number  accepted  (rough 

state) lbs..  10,4871 

Mean  weiffbt  of  sabot do..  loj^ 

Weight  01  total  number  of  shot  and  sa* 

boUaooepted lbs..  182,485 


*Sixty.two  were  provisionally  refected  for  erroneous  dimensions,  hut  were  snbseqnentlv  accepted 
having  Dcfln  *'  machined  "  so  as  to  bring  them  within  the  requirements  of  the  contract. 

PHYSICAL  PROPEBTISS. 


Specimen. 


I  Mean 

Maximum 
Minimum . 


Density 
(actual). 


7.2622 
7.8021 
7.1002 


Tenacity. 


Prescribed.     Actual. 


25,000 


24,250 


25,455 
27,810 
24,351 


Allowed 
variations. 


PireenL 
—3 


Ruusu.— Shipped  to  Watertown  Arsenal,  March  28, 1885. 

I  certify  that  I  nave  carefully  inspected  the  above  noted  projectiles,  and  that  they  conform  to  the 
4imeiulon8  preseril>ed  within  the  variations  allowed ;  and,  further,  that  the  terms  ox  the  contract  as 
to  material  and  workmanship  have  been  complied  with  in  their  manafkcture. 
Date  of  inspection,  March  20.  1885. 

D.  A.  LYTLB, 
Oapt^Un  of  OrdnanM,  Infpeetor, 


Appendix  39. 


INSPECTION  REPORT  OF  12-INCH  EUREKA  MORTAR  SHELL  AND  8AB0T8 
Bt  Lieut.  Rogers  Birnie,  Jr.,  Ordnance  Department. 

May  25, 1886. 

Oenesal  :  I  have  the  honor  to  transmit  herewith  inspection  reports 
of  the  nsual  form  for  the  following  lots  of  12-ineh  Eureka  shell  and 
sabots  for  12-iuch  muzzle-loading  rifled  mortar,  which  have  been  re- 
cently completed  at  this  foundry,  viz : 

(1)  Fifteen  580-pound  shell,  complete,  delivered  November  6, 1884. 

(2)  Seventy-eight  610ponnd  shell,  complete,  delivered  April  29, 1886. 

(3)  Twenty-five  610-pound  shell,  complete,  delivered  April  13, 1885. 

(4)  Ninety-eight  610pound  shell,  complete,  delivered  April  29, 1885. 

(5)  Ninety-two  585-pound  shell,  complete,  delivered  May  4, 1885. 

(6)  Two  hundred  sabots,  delivered  May  7, 1885. 

These  projectiles  being  intended  for  experimental  firing,  the  contract 
provided  for  modifications  in  dimensions  and  material  coutiugent  upon 
the  results  derived  from  firing  a  limited  number  of  the  first  made. 

The  cast-iron  bodies  of  the  heavier  shell  (610-pound)  were,  however, 
as  authorized  by  the  contract,  completed  in  advance  of  the  firing  test 

The  fifteen  580-pound  shell  were  completed  first  for  the  firing  test; 
they  were  madf^  after  the  dimensions  of  drawing  attached  to  coDtract 
The  completed  shells  were  found  to  average  7.5  pounds  under  weight, 
and  as  a  result  of  the  firing  it  was  decided  to  increase  the  thickness  of 
sabot  through  the  portion  of  base  around  plug  from  0.3  to  0.4  inch; 
the  sabot  otherwise  remained  unchanged,  but  increased  dimensions  were 
prescribed  for  the  shell  body,  and  the  weight  of  projectile  complete  was 
fixed  at  585  pounds.  Plate  I  gives  the  final  drawing  for  these  shells, 
which  was  followed  in  making  the  ninety-five  585-pound  shell  named 
above  (item  5).  The  average  weight  of  these  shell  is  588.6  pounds.  To 
reduce  the  weight  to  585  pounds  the  cylindrical  portion  of  the  body  of 
shell,  which  has  a  diameter  of  11.92  inches,  should  be  changed  from  13A 
to  13.275  inches ;  and  to  reduce  the  weight  to  580  pounds  this  dimen- 
sion should  be  made  13.1  inches,  with  a  corresponding  decrease  of  the 
total  length  of  shell  body  in  each  case,  the  dimensions  otherwise  to  re- 
main unchanged.*  The  core  capacity  of  this  shell  is  857  cubic  inches, 
calculated  to  contain  a  bursting  charge  of  30  pounds  of  powder  npoo  a 
basis  of  0.035  pound  per  cubic  inch  of  space. 

After  casting  a  number  of  the  610pound  shell  bodies  (seventy-eighty 
item  2),  the  length  of  cylindrical  portion  of  body  was  increaseid  from 
11.9  to  12.176  inches,  and  the  total  length  of  shell  was  correspondingly 
increased.    Plate  II,  Fig.  1,  shows  the  drawing  used  for  dimensioos  of 

*If  the  dimensions  of  core  remain  nnohanji^ed,  a  change  of  0.1  inch  in  lenphof 
cyUndrioal  portion  of  shell  body  will  effect  a  oliange  of  2.9  pounds  (nearly)  to  the 
weight. 
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the  one  handred  and  twenty-three  shell  bodies  included  in  items  3  and 
4  above.  The  sabots  placed  upon  the  lot  of  ninety-eight  were  the  same 
as  those  shown  in  Plate  I.  The  sabots  placed  npon  the  lot  of  twenty- 
five  were  altered  for  special  experiments  in  firing.  A  drawing  of  these 
altered  sabots  is  shown,  Fig.  2,  Plate  II.  Even  with  the  increased 
length  these  shell  fall  some  6  pounds  under  the  prescribed  weight  of 
610  pounds  for  the  shell  complete.  In  order  to  make  them  of  full  weight 
the  length  of  cylindrical  portion  of  body  at  rear  should  be  increased  to 
12.4  inches,  and  the  total  length  of  projectile  should  be  made  34.0 
inches. 

The  following  tables  give  the  charges  of  iron  used  for  the  castings 
and  the  results  of  tests  of  the  metal  of  the  shell : 

Bewrd  ofcatHnga  and  teits  of  580  and  585  pound  12-ifMsA  mortar  shell  (Eureka.) 

I  AH  eautlngt  made  dlreet  ttom  Air-ftimAoe,  aalog  a  small  ladle  with  oapaoit/  for  two  oaatinga.  Shell 
eMt  baae  ap,  and  each  "  fed  "  and  "  Btlrred  *'  throash  two  "risen  "  at  oppoefte  aides  of  the  core  stem. 
Tenacity  apeeimen  test^  from  2-inoh  proof-bar  and  fh>m  one  specimen  sneU  for  each  lot  of  eastinKB* 
Sprdmen  snell  cot  in  two  near  base  of  core  and  specimen  borea  out  from  waD.  For  castings  made  Oo- 
tfob«r  31  and  23,  1884,  the  cylindrical  portion  of  ongina)  shell  pattern  was  reduced  to  three-sixteenths 
teeb  sarplns  for  finishing,  causing  the  rednctlon  In  rough  weight.  For  castings  made  April  0  1886,  and 
fsbscquently,  anew  pattern  was  used  to  make  the  weight  of  finished  projectile  equal  585  pounds  and  suit 
the  new  dimensions  of  prqjectile  as  prescribed  by  drawing  dated  Aprifi,  1885  (see  Plate  I).] 


Date. 


1884. 
Oct.     8 

n 

23 

1885. 

Apr.     6 

8 

10 

13 

IS 


I 

§ 


bS 

a 


o 

>    M 
& 


10 
4 

1 

20 
10 
20! 
20 
16{ 


577.0 
568.2, 

SeOiO 

I 

583.8! 
504.8' 
58a8 

56&3| 
665.8' 


e 

s 


Charge  of  iron  in  percentages. 


17.6 
17.7 


26.8 
14.4 
22.6 
26.6 
26.6 


§ 


17.6 
17.7 
82.6 


e 

a 
S 

p 
H 


o 
to 


i  I  i 


I 


4.7, 


24.6 
24.4 
20.0, 
16.6 
1&6 


i3- 


17.6 
17.7, 

lao 

81.0 
50.0 
19.3 
20.01. 
20. 0' 


I 


a 
o 


m 

I 


i 

9 

a 
-3 

s 


42.2 
46.8 
48.8 


16.6 


22.6  15.3 


I 


s 

5 


I 


Physical  quantities. 


1L4 


From  proof 
bar. 


14.6 

14. 6| 


'J 


From  specimen 
shot. 


23, 
26, 
27, 


317  7. 

653  7. 

966  7. 

I 


a 


8147  26. 
2538  28, 
2743  29. 


047, 
264 
711 


80,188  7. 

27,958  7. 

81,649  7. 

22.2  29,952  7. 

22. 2  30, 159  7. 8194'  80. 518 


8026,  81. 

2494|  32, 

2629,  81, 

8250  38, 


575 
474' 
089 
909, 


7.2496 
7.1681 
7.2296 

7.2768 
7.2660 
7.2012 
7.2401 
7.1881 


SUMMARY. 

Csitfain 116 

DefeettVe  esatings 1 

8keU  bodies  flniiSied 109 

Shell  bodies  rejected  after  finishing 2 

Total  number  of  shell  bodies  accepted 167 


Welghta. 


H«STlest  shell  body  finished poundi 

lightest  shen  body  finished do. 

ATsrage shell  body  finished do. 

Average  specific  gravity 


Original 
contract 
drawing. 

Drawing 
datedT 

April  4, 
1885. 

546 
542 
544.5 
7.2159 

666 

557 
561.6 
7.2815 
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Record  of  oaatinga  and  tests  of  610  pound  12  inch  mortar  shell  iBwrtka). 

[All  OMtings  made  direct  from  air^fbniace,  aslnff  *  email  ledle  with  cap«eUj  for  two 
Shell  cast  baee  ap,  and  each  "  fed  "  and  "  stirred  "  through  two  "  riaera  **  at  oppoaite  aidea  «f  tk* 
stem.  Tenacity  apeoimen  teated  from  2-inch  proof-bar  and  from  one  apecimen  ahel]  for  caek  let  4< 
oaatinga.  Specimen  shell  cut  in  two  near  baae  of  core  and  apeoimen  bored  oat  from  waQ.  Bttwwa 
the  datea  October  0  and  14  the  cylindrical  portion  of  ahell  pattern  waa  redoced  to  thre»«ixtecaths  ImiL 
anrplDB  for  llniabinfc,  eaaaing  the  reduction  in  roagh  weignt.  For  oaatinga  made  Uetober  21  ad  cob- 
aeqnently,  the  ahell  pattern  waa  inoreaaed  0.8  inch  in  length  to  correapoM  to  new  dimaniinwi  «f  4nv. 
ing  (see  Fig.  1,  PUte  II).  J 


Date. 


1884. 

Oct.    7 

9 

14 

15 

21 

23 

25 

28 

NoT.30 

1 

5 

26 


1^ 

O 

u 

a 


20 
20 
20 
20 
16 
19 
19 
20 
20 
18 
12 
4 


I 

t 


602.8 
600.2 
586.7 
585w0 
590.  S 
593.4 
598.6 
590.7 
f93.5 
599.5 
598.2 
602.5 


Charge  of  iron  in  percentages. 


Phyaical  qnalitiM. 


IProm  proof 

bAT. 


I 


29,088 
27,246 
29,582 
26,887 
26,663 
27.966 
27,689 
24.247 
22,216 
25,943 
24.114 
30,264 


00 


& 


7.1M1 
7.1SB0 
7.8022 
7.1888 
7.8S88 
7.2748 
7.3150 
7.2019 
7.2845 
7.3048 
7.3620 
7.8278 


o 


5"- 


27,643 
30,205 
881227 
80,582 
28.SB4 
89,711 
28,592 
26.436 
29,843 
30.467 
28.391 
28^851 


T.oess 

7.W1 
7.I2M 
T.llTe 
7.1«y 


7.119 
7.IA2 
T.2B: 

7.«n 

T.llM 


SUMHABY. 

Oaatinga M 

DefeotiTe  oaatinga 2 

Cat  up  for  additional  teata 1 

Shell  bodies  finished 815 

Shell  bodiea  n^eoted  after  finishing ^ 4 

Total  number  of  ahell  bodiea  aocepted Ml 


WeighU. 


HeaTiest  shell  bodyflnlahed ponnda. 

Lighteat  ahell  body  flnlahed , do... 

Average  ahell  body  finished do... 

Average  apeciflc  gravity 


Origloal 

pawerp- 


EnlaifBi 


660 

6C2.9 
7. 1156 


561 

571 


It  was  found  necessary  to  ''feed"  the  casting  tbroagh  two  risers  in 
the  base,  symmetrically  disposed  with  reference  to  the  core,  since  feed- 
ing on  one  side  alone  caused  a  deflection  of  the  core  and  rendered  the 
shell  eccentric.  The  tenacity  specimen  tested  from  the  proof-bar  cast 
with  each  lot  was  used  for  the  information  of  the  founders.  This  test 
cannot  be  relied  upon  to  give  a  correct  test  of  the  strength  of  the  metal 
in  the  castings  proper.  The  metal  of  the  proof-bar  will  generally  be 
found  more  dense  than  that  of  the  shell,  and^  on  an  average,  will  give 
some  2,000  pounds  per  square  inch  less  tenacity  than  that  of  the  shell. 
In  exceptional  cases  the  tenacity  of  the  proof-bar  specimen  will  be  the 
greater,  particularly  in  the  case  where  the  iron  of  the  casting  has  a  nat- 
ural tendency  to  softness.  The  quicker  cooling  of  the  proof-bar  tend8 
to  prevent  crystallization,  and  the  metal  of  the  bar  will  nearly  always 
be  harder  and  closer  grained  than  that  of  the  casting,  so  if  the  iron  is 
naturally  high  the  metal  of  the  bar  loses  strength,  owing  to  its  exces- 
sive hardness. 

The  position  of  the  test  specimen  in  the  shell  has  an  influence  npoo 
the  tenacity,  which  also  varies  for  different  natures  of  iron.  The  posi- 
tion selected  for  the  test  specimen  taken  from  the  shell — ^the  wall  of 
shell — gives  probably  a  just  result  for  the  average  tenacity.    In  oue 
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instance  specimens  for  tenacity  were  taken  from  four  different  parts  of 
the  same  shell  casting,  with  the  following  results :  Pounds 

t«oaoity. 

Point  of  shell  (on  axial  line) 20,860 

Side  of  head  (normal  to  curve) 22,225 

Wall  (at  aide  of  core) 24,028 

Baoe  of  aheU  (parallel  to  axis) 26.047 

In  another  case  the  specimen  from  the  extreme  point  gave  22,134 
pounds,  and  that  from  the  wall  of  the  same  shell  24,195  poundS  tenacity.* 
The  metal  will  generally  be  fonnd  densest  at  the  point  (shell  cast  base 
up),  but  it  is  probable  that  in  the  cooling  process  the  crystallization  of 
the  metal  there  is  not  so  disposed  as  to  give  the  best  results  for  tests, 
at  least  as  regards  a  tensile  test. 

SABOTS. 

The  two  hundred  extra  sabots  supplied  were  made  after  the  drawing 
given  (Plate  I).  An  iron  pattern  was  made  for  casting.  All  the  sabots  and 
the  castings  were  made  in  green  sand.  After  casting,  each  sabot  was 
pressed  into  shape  by  hydraulic  pressure  over  a  templet  made  as  a 
counterpart  of  the  conical  base  of  shell.  This  put  them  in  good  condi- 
tion for  mounting  in  the  lathe,  where  they  were  again  placed  upon  a 
'^ chuck"  or  form  identical  with  the  base  portion  of  shell,  whereon  they 
could  be  entirely  finished  without  dibmounting,  since  the  interior  of  the 
sabot  requires  no  machine  finish.  The  final  inspection  brought  out  the 
difficulty  of  making  these  castings  perfectly  sound.  The  principal  cause 
of  rejection  arose  from  a  ^^  draw  ^^  beneath  the  surface  in  the  thick  por- 
tion of  the  base  where  it  joins  the  rim  of  the  sabot.  Where  this  draw 
was  of  considerable  extent  the  cutting  of  the  groove  showed  cavities  in 
the  metal  at  the  bottom  of  the  groove. 

The  following  gives  a  record  oi  the  castings : 

Record  of  oaaHngB,  Eureka  BobotSf  for  12-mofc  mugzle-loading  rifled  mortar  shell. 


CMtlngs. 


Date. 


1884. 
Oct  2 

i  3 

20 

1885. 

I  Apr.  8 

4 

6 

7 

8 

I         11 

IS 

14 

15 

16 

17 

18 

20 

21 

a 

23 

24 

25 

38 

28 

30 

May  1 

2 

5 


Ifmnbei 


imiDeri    roQ] 
cast.       weii 

OfM 


Average 
roaffh 
got 
ibot. 


Metals  used. 


4 
8 
5 

4 
12 
14 
15 
15 
15 
28 
27 
14 

ao 

30 
24 
15 
15 
80 
28 

ao 

80 
30 
80 
30 
80 


Pound*. 
25w75 
25.81 
26L8 

27.5 
27.5 
27.5 
27.5 
27.5 
27.5 
27.5 
27.5 
27.5 
27.5 
27.6 
27.6 
27.6 
27.5 
27.6 
27.5 
27.5 
27.5 
27.6 
27.5 
27.5 
27.5 
27.5 
27.5 


Copper 
(Qninoy). 


Poundi, 

105 

140 

73 

75 
228 
270 
232 
240 
842 
735 
531 
240 
700 
750 
507 
280 
280 


Bnuw 

(remelt- 
ed). 


eao 

575 
570 
570 
570 
570 
570 
670 


Potuktf. 

10 

66 

100 

35 

80 

60 

150 

150 

30 

50 

200 

100 

65 

40* 

100 

130 

135 

120 

126 

250 

245 

245i 

245 

246 

250 

250 

240 


Spelter 

(Bergen* 

port) 


Powub. 
35 
47 
24 

25 

77 

90 

78 

80 

114 

246 

177 

80 

235 

250 

160 

04 

.  94 

'  221 

220 

192 

190 

190 

190 

190 

190 

100 


Total 

Percent. 

weljKl^ 

of  spelter. 

Poundt. 

150 

25.00 

252 

25.13 

197 

24.74 

135 

25.00 

885 

25.24 

420 

25.00 

460 

25.16 

470 

25u00 

466 

25.00 

1,030 

25.00 

908 

26.00 

420 

2&00 

1,000 

25.13 

1,040 

25.00 

776 

26.00 

504 

26.13 

609 

26.13 

1,004 

25.00 

1  005 

26.00 

1,017 

25.03 

1,005 

26.00 

1,005 

25.00 

1,005 

26.00 

1,005 

25.00 

1,010 

26.00 

1,010 

26.00 

240 

25.00 

Snrplns 
metal  re- 
ooTered. 


Poundt, 
45 
41 

67 

21 
46 
26 
35 
46u6 
62 

235  . 

145 

26 

163 

192 

100 

77 

82 

>   164 

211 

166 

164 

154 

154 

154 

155 

155 

39 


Loss  of 
metaL 


Poundt, 
2 

4.5 
6 

4 

7 

9 

12L6 
12 
11.5 
25 
20.5 

9 
22 
23 
16 
14.5 
14.5 
25 
24 
26 
26 
26 
26 


80 

8 


*Thi8  test,  showing  a  tenacity  below  the  presciibed  limit  of  25,000  poaods,  was  not 
•coeptable;  it  is  given  only  as  an  instance  of  the  relative  strength  of  the  two  speci- 
nens  taken. 
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SITMMABY. 

Total  number  of  BabotB  cast sa# 

KotezamiDed S 

Roil gh  caBtingB  rel ect ed  for  defects  or  erroneons  dimensioiis B 

Finihhed  sabots  rejected  for  defects  of  material 17 

—    II 

Total  number  of  finished  sabots  accepted S6$ 


iMpeeiion  report  of  SSS-pound  12'inch  ogival-headed  Eureka  skeUf  far  mrngMMMiUm^ 
ryied  mortar ^  made  for  the  United  Siatee  Ordnance  Department  by  Wiett  Poimt  Fondr^ 
Aasociation,  at  West  Point  Foundry^  under  contract  of  Chirf  of  Ordn€uiee,  U.  3.  Jmf, 
dated  Anguet  7,  1884. 


Snl^ect  of  measurement. 


PBOJBCnLB. 


Leugtbof  cylindrical  portion  of  body  U^^ '.'."..'. 

Length  of  conical  portion  of  body 

Lengthofhead    ... 

Length  of  base  for  sabot 

Total  length  of  projectile ^ 

Diameter  of  cylindrical  portion  J  JJJJ{ 

Diameter  of  conical  base  nnder  sabot  ^j^j, 

Badiosof  head 

Thickness  of  bottom ■ 

Leneth  of  interior  cavity ■ 

Thicknens  of  walls  at  5.9  inches  from  base 

Thickness  of  walla  at  17.6  inches  from  base 

Eccentricity  of  axis  of  interior  cavity . .  per  cent,  of  caliber. . 

Diameter  of  fuse  (and  screw-plng)  holes  at  bottom  of  thread. 
Pitch  of  thread  on  fuse  (and  screw-plng)  holes,  to  the  inch. . 


Length  of  thread  on  fase  (and  screw-plng)  holes 


Weight  of  projectile  with  ^ng . . 

BAVOT. 


Radius  for  oatside  cup  of  base 

Badias  for  inside  cup  of  base 

Height  of  sabot 

Exterior  diameter  of  sabot 

Thickness  of  base  around  plug 

Thickness  of  parallel  portion  of  base. 

Distance  of  cannelure  firom  rear 

Depth  of  cannelure 

Maximum  width  of  cannelure 


Weight  of  sabot  (computed)  — 
Weight  of  sabot  and  projectile 


Presoribed 
dimensions. 


13.4 
2.6 
1.26 

13.4 
2.0 

35.0 

11.02^ 

11.07  5 
11.82( 

11.725 
l&O 

3.0 
24.0 

2.2 

2.226 


Allowed  vsri. 


> 


Inehst. 
8.161 
6.3 
8.76 
U.07 
0.4 
0.25 
0.8 
0.85 
0.8  . 

Povndt. 
24 

686! 


InA. 


±0.06 


±aoi 

±0.01 

±0.06 

±0.1 

±0.1 


±0.01 


•f&B 
—6.0 


\ 


+3 
-2 


±1 


li 


Number  of  585-pound  12-inch  Eureka 
shell  examined 06 

Number  rt\Jeoted  for  defects  In  material 
orfinish  8 

Total  number  r^ected 8 

Total  number  accepted ...         02 

Weight  of  heaviest  one  accepted  (in- 
cluding sabot)  lbs..        503 

Weight  of  lightest  one  accepted  (in- 
cluding sabot) lbs . .        684 

Weight  of  total  number  accepted  (in- 
cluding sabot)  62,185.2 

Hean  weight  of  prqjectile  (including 
sabot) lbs..        588.68 


Number  of  sabots  examined IW 

Number  of  sabots  rejected  for  emneotts 

dimensions  (rough  castings) 7 

Number  of  sabots  r^ected  for  defects  in 

material  or  finish I 

Total  number  of  sabots  rejected I 

Number  of  sabots  aoceptcwi H 

Weight  of  total  number  aooepted.lba..  3,9118 

Mean  weight  of  sabot do..  21.9 

Weight  of  total  number  of  shot  and  sa- 
bots accepted lbs..  51^191 

Actual  weight  of  base  plug  (arerBge 

eqnsl) lbs..  11* 
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PHYSICAL  PBOPBBTISS. 


FIt«  speefanana. 


DeiMity  («ot- 
nil). 


Tvamoity. 


Pre- 
■oribed. 


C  From 
JTo 


7.1881 
7.27681 


7.2815{ 


I 


38,000 


AokuO. 

Allowed 
yarU- 
tlona. 

(From  30, 618 
{To     88»000 

}    -> 

81,903 

ActQAl  Tsri** 
tiona. 


From +6^618 
To     48,009 


+8,808 


Sabot  metal. 


Copper,  75  i»arta. 
Zino,  25  puta. 


SoTvn  pnJ«ctUea  in  additioii  to  the  85  reqolred  to  complete  oontraot  aocepted  under  antbotity  ttcm 
tbe  Chief  of  Ordnanoe,  V.  S.  Army,  dated  April  80, 1885. 

RsMAmsa.— Shell  and  eabota  made  after  drawing  dated  April  4, 1885,  shipped  to  United  Statea 
prorinc  sroimd,  Saody  Hook.  K.  J.,  May  16. 1885. 

I  earnly  that  I  hare  carefiUly  inspected  the  aboTO-noted  proJeotUea,  and  that  they  conform  to  the 
dimenafoBs  preeeribed  within  the  Tariations  allowed  {  and,  farther,  that  the  terms  of  the  contract  as  to 
material  and  workmanship  have  been  coinpUed_withJn  theirmanuiSsctnre. 

Mat  4.^885.  mm 

R.  BIRNIE,  Jb., 
IdtuUnant  qf  OrdtUMM,  intpiUor, 

Inspeoiiom  report  ofb&O^pound  \2-inck  ogival-headed  Eureka  shell  for  tnugzU-loa^ng  ryied 
wtoriar,  made  for  the  United  States  Ordnance  Department  hy  Weet  Point  Foundry  Aeeo- 
eioHan^  at  Weet  Point  Foundry,  under  oontraot  of  Chief  of  OrdnanoOf  U,  8,  Army,  dated 
A%gu9t  7,  1884. 


1 


Snl^eot  of  measnrement. 


PBOJBCTILI. 


I 


Length  of  cylindrical  portion  of  ^^yjf^Qt  "I 

Length  of  conical  portion  of  body 

Lengthof  head    

Length  of  base  for  sabot 

Total  length  of  projectile 

Diameter  of  cylindrical  portion  J  JJJJj 

Diameter  of  conical  base  under  sabot  j  JJJJ^' 

Radius  of  head ^ 

Thickness  of  bottom 

Length  of  interior  carity 

Thickness  of  walls  ai  5.9  inches  from  base 

TUokness  of  walls  at  15.8  inches  lh>m  base 

Beoentrioity  of  axis  of  interior  cavity,  .per  cent  of  caliber. . 

Diameter  of  sorew-plng  hole 

Pitch  of  thread  on  sorew-plng  hole to  the  inch. 

Length  of  thread  on  screw-plog  hole 


I  Prescribed 
dimensions. 


Inches. 
11.9 
2.6 
1.25 
18.4 
2.6 
38.6 
11.92 
11.07 
11.32 
11.72 
l&O 
8.0 
22.49 
2.25 
2.275 


Allowed  Tari* 
ations. 


Ineh. 


PercL 


±.05 


±.0l 

±.0\ 

±.05 
ir.Ol 

i:.01 


i 


+2 
-2 


dbl 


Weight  of  projectile  with  ping. 


aABOT. 


I  Radlns  for  outside  cap  of  base 
1  Radius  for  inside  cup  of  base. , 


I 


I 


Height  of  sabot 

Exterior  diameter  of  sabot 

Thickness  of  base  around  plug 

Thickness  of  parallel  portion  of  base 

Distance  of  cannelure  from  rear 

Depth  of  cannelure 

M'^-riwifim  width  of  caunolure 


Weight  of  sabot  (computed) 

Weight  of  sabot  and  projectile. 


2.6 
6 
8.0 
Pounds. 
556 


Inches. 
8.15 
&8 
8.75 
11.97 
.3 
.25 
.8 
.86 
.3 
Pounds. 
24 


±.01 


580 


>±.01 


{-5.8 


U 


Camber  of  580  pound  12-inch  Eureka 
shell  examined 

Totsl  number  aooepted 

Weight  of  hearieat  one  accepted  (include 
ing  sabot) lbs.. 

Weight  of  lightest  one  accepted  (includ- 


15 
15 

676 

570 


ing  sabot) lbs.. 

Weighi  of  total  number  accepted  (ex- 
dadingsabot) lbs..  8,276.45 


Mean  weight  of  projectile   (including 

sabot)  lbs..  672.58 

Number  of  sabots  examined 15 

Number  of  sabots  accepted 15 

Weight  of  total  number  accepted . .  lbs . .  811. 75 

Mean  weieht  of  sabot 20.78 

Weight  ox  total  nomber  of  shot  and  sa- 
bots aooepted lbs..  8,58&S 

Actual  weight  of  base  plug  (ay'ge) . . do. .  6. 4 
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SpecimeiL 


Density  (act* 
nal). 


Tenacity. 


I 


Pre- 
Bcribed. 


AetaaL 


Thr«e.p«olni«»...  I   ^  ?:JJ««  }25,000  {?J""|J;?{I 


ATerage 


7.2159 


28,007 


Allowed 
varia- 
tione. 


Actual 
▼ariatlona. 


5  *'^To     +4.711 


-1-8.007 


CmMr.TSyatta 
Zine,  SSpHta 


RBMARKB.~>ProJectilea  and  sabote  made  after  orlffinal  contract  drawing  (d«led  Jnae  10,  UM). 
Shipped  tfi  United  Statea  proving. f^ronnd,  Sandy  Hook,  New  Jersey,  ten  on  OetoberSl,  and  ire « 
NoTember  8, 1884. 

I  certify  that  I  have  caref^y  inspected  the  above-noted  proleotlles,  and  that  they  conliDnn  to  Ut 
dimensions  prescribed  within  the  variations  allowed ;  and,  farther,  that  the  terms  of  the  oootrsetu 
to  material  and  workmanship  have  been  complied  with  in  tiielr  mannfisotQTe. 
Date  of  inspection,  October  17  and  November  0, 1884. 

K.  BIBKIB,  Jb., 
lAmUtnant  <if  Ordmanet^  intpmttr. 


In9peoHan  report  o/GlO-pound  12-incfc  ogival-headed  Eureka  shell  for  muzzle-loadiny  Hfei 
mortar,  made  for  the  U$iited  Slates  Ordnance  Department  5y  West  Point  Flimndr^f  Assy 
dation^  at  West  Point  Foundry,  under  contract  of  Chief  of  Ordnanoe,  U.  S,  Army,  iatti 
Auffust  7,  1884. 


Sabjeot  of  measnrement. 


PBOIBCnUB. 

Length  of  cylindrical  portion  of  body  I  ^^^' 

Length  of  conical  portion  of  body 

Length  of  head 

Length  of  base  for  sabot 

TotM  length  of  projectile 

Diameter  of  cylindrical  Port*®")  JJJnt ] 

Diameter  of  conical  base  nnder  **^^)£^t 

Radius  of  head 

Thickness  of  bottom 

Length  of  interior  cavity  # 

Thickness  of  walls  at  5.6  inches  from  base 

Thickness  of  walls .  at  16.7  inches  from  base 

Ecoentricitv  of  axis  of  interior  cavity,  .per  cent,  of  caliber. 

Diameter  of  sorew-plng  hole 

Pitch  of  thread  on  screw-plna  h<rfe to  the  inch. 

Length  of  thread  on  screw-plng  hole 


Prescribed 
dimensions. 


Inches. 
1L9 
2.6 
1.26 
18.4 
2.6 
88.5 
11.92 
11.07 
11.32 
11.72 
18.0 
8.0 
22.45 
2.56 
2.585 


Allowed  vari- 
ations. 


Inch. 


±.06 


Weight  of  prqjectile  with  ping. . 

BABOT. 


Badins  for  outside  cnp  of  base 

Radins  for  inside  cup  of  base 

Height  of  sabot 

Exterior  diameter  of  sabot 

Thickness  of  base  around  plug 

Thickness  of  parallel  portion  of  base 

Distance  of  cannelure  fh>m  rear 

Depth  of  cannelure 

Maximum  width  of  cannelure 


Weight  of  sabot  (computed)  — 
Weight  of  sabot  and  projectile. 


2.6 
6 
&0 
Pounds. 
584 

Indus, 
8.15 
&8 
8.75 
11.97 
.4 
.25 
.8 
.85 
.8 
Pounds, 
24 

608 


±.01 

±.01 

±.06 
±.01 
±.01 


±.01 


>±.01 


Per  St. 

\     +2 


-2 

±i 


H 


5+10.1 
i—  6.1 


Number  of  610  pound  12-inch  Eureka 
shell  examined 80 

Ifumber  rejected  for  defects  in  material 
orflnish  2 

Total  number  wjected 2 

Total  number  accepted 78 

Weight  of  heaviest  one  accepted  (in- 
cluding sabot) lbs..        596 

Weight  of  lightest  one  accepted  (in- 
clndiugsabot) lbs..        588      ' 

Weight  of  total  number  accepted  (ex- 
cluding sabot) lbs..  44,446.8 

Mean  weight  of  projectile  (including 
sabot) lbs..        591.78 


Number  of  sabots  examined 

Number  of  sabots  rejected  for  erroneous 

dhnensions  (rough  castinga) 

Number  of  sabots  nvfected  for  defects 

in  material  or  finish 

Total  number  of  sabots  ndected 

Number  of  sabots  accepted 

Weight  of  total  number  accepted. lbs.. 

Mean  weight  of  sabot do.. 

Weiffht  or  total  number  of  shot  and 

saSots  accepted lbs. . 

Actual  weight  of  base-plug  (aVge).do.. 


91 


i 

13 
78 
1,796.1 
2L9 
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PHYSICAL  PROPBBTISS. 


8pMSllD0D. 


Deoaiiy  (Mt- 

lUJ.) 


.) 


Four  •pcolmeiia . 


CProm 
{To 


7.0885 
7.1801 


TenMity. 


Pre- 
scribed. 


Actual. 


1 26, 000 


7.1166 


5  From  27, 648 
)To      80,682 


Allowed 
raria- 
tlona. 


}    -' 


29,164 


Actual 
▼ariatioDS. 


5Prom+2,64a 

{To     +6,583 


Sabot  metaL 


+4,164 


Copper,  75  parte. 
Zinc,  26  parte. 


BmAKKSb— Sbell  bodiee  made  after  contract  drawing.  Sabote  after  drawing  dated  April  4, 1885. 
Light  welfEht  principally  due  to  infeiior  dimensions  of  drawing.  Shipped  to  United  States  proving* 
gnmnd,  Sandy  Hook.  New  Jersey.  May  16. 1885. 

T  certify  that  I  hare  carefully  inspeotea  the  above-noted  projectiles,  and  that  they  conform  to  the 
dimenalofts  prescribed  within  tne  variations  allowed;  and.  uirtaer.  that  the  terms  or  the  contract  as 
to  materia]  and  workmanship  have  been  complied  with  in  their  mannfactnre. 
l>ate  of  inspecton :  Shell  bodies,  November  7, 1884;  sabots  and  shell  complete,  April  29, 1886. 

R.  BIRNIB,  Jb.. 
LieuUnant  qf  OrdnanM^  Intp^etor. 


In^peeiion  report  of  610  pound  12-inch  ogivaX-htadtd  Eureka  shell  for  muzzle-loading  rifled 
mortar  J  made  for  the  Unit^  States  (k^dnanee  Department  hy  West  Point  Foundry  Aseo* 
datiomj  at  West  Point  Foundry,  under  oontraoi  of  Chief  of  Ordnance,  U.  S,  Army,  dated 
Amyuei  7,  1884. 


Sal(ject  of  measuTement. 


PBOJKCnLB. 


Length  of  cylindrical  portion  ot  b®^y}  JS^nt*      '.'. 

Length  of  conical  portion  of  body 

Length ofhead    

Length  of  base  for  sabot 

TcM  length  of  prqjectile 

Diameter  of  cylindrical  portion  J  JJJJ^ 

D  ameter  of  conical  base  nnder  sabot  i  JJJJ^* '  \\\\ 

;  Radlnaof  head 

I  Tbioknesaof  bottom 

<  Length  of  interior  eavi^ 

I  Tbioknesaof  walla  at  5.6  inches  ftvm  base 

Thickness  of  walls  at  16.7  mchee  fh>m  base 

I  Eooentrldty  of  axis  of  interior  cavity .  .per  cent  of  caliber. 


Diameter  of  sorew-plag  hole 

Pitch  ot  th read  on  sere w-plng  hole to  the  inch . 

Length  of  thread  on  screw'plttg  hole 


W^ht  of  projectile  with  ping. 


A&BOT. 


Radios  for  outside  cap  of  base 

Radiaa  for  inside  cap  of  base 

Height  of  sabot 

Bxterior  diameter  of  sabot 

Thicknesa  of  base  anmnd  ping 

Thickneea  of  parallel  portion  of  base. 

IMatanee  of  cannelnre  fh>m  rear 

Depth  of  cannelnre 

Maximum  width  of  cannelure 


Prescribed 
dimensions. 


ifieJUf. 
12. 176 
2.6 
1.25 
18.4 
2.6 
83.776 
11.92 
11.97 
11.82 
11.72 
18.0 
3.0 
22.45 
2.56 
2.586 


Weight  of  sabot  (computed) . . . 
Weight  of  sabot  and  prqjectile. 


2.6 

.6 

8.0 

Lb». 

584 


Jndut. 
4.65 
&8 
8. 75* 
11.97 

.4 

.26 

.8 

.8 

.8 

24.0 
60.8    ] 


Allowed  varia* 
tions. 


Inch, 


±  05 


Jt.Ol 

:t.01 

db  06 

±  01 
±  01 


db.Ol 


PercL 
+  2 
-  2 


±  I 


H 


>^.oi 


+9.1 
—6.1 


Namber  of  610  pounds 
shell  examined 


12-inch  Eureka 


25 
25 


lota!  Qomber  accepted 

Weight  of  heaviest  one  accepted  (includ* 

iBff  sabot)  

Wc^bt  of  lightest  one  accepted  (includ- 

ioE  (Uibut) 

Weight  of  total  nnmbei  accepted  (ex- 

eluding  sabot) 14,654 


609 
604 


Mean  weight  of  prqjeotile   (Including 

sabot) 607.12 

Number  of  sabots  examined 25 

Number  of  sabote  accepted 25 

Weight  of  total  nn luber  accepted 523. 5 

Mean  weight  of  sabot 20.04 

Weight  of  total  number  of  shot  and 

sabots  accepted 15, 178. 0 

Actual  weight  of  base  plug  (average)  . .  6. 4 
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PHTSICAL  PB0PEBTIB8. 


Spedmen. 

Density  (Mt- 
ail) 

Tenaeitj. 

i 

1 

Pre- 
■oribed. 

▲ctiMl. 

Allowed 
▼ari*- 
tlona. 

Aotoal  Tarla- 
tlona. 

Sabot  aaetaL 

Bight  apeoimena . . . 
ATenge 

5  From    7. 1109 
{To         7.8273 

26^000 

C  From  2e»  480 
{To     80,487 

5Fnmi4.|.48» 
{To      -ft  487 

Copper.TS  parts.  1 
Zmo,25pana. 

7.2028 

28,740 

!             +8.746 

Bbmabkb.— Shell  bodiea  made  after  drawlas  **  comoted  October  11, 1884  ;*'  **  modified**  aaboto  after 
drmwlng  dated  April  8, 188S,  ahlpped  to  Unitea  Statea  proTing-groond,  Sandy  Hook,  Kew  Jeney,  April 
14,1886. 

1  certify  that  I  haye  carefully  inspected  the  above-noted  projectilea,  and  that  the/  conform  to  the 
dimensions  prescribed  within  tne  Tariations  allowed ;  and,  ftirther,  that  the  terma  of  the  eomtnct  aa 
to  material  and  workmanship  have  been  complied  with  in  their  mannfaotare. 
Date  of  inspection.— Shell  oodles,  November  28, 1884 ;  sabot  and  shell  complete,  April  18, 1885. 

R.  BIByiB.  Jb., 
LUuttnant  of  Ordnaneet  Impettar. 

In9peotion  report  of  610  pound  VZ-inch  ogival^koaded  Eureka  sMlfor  mutzU-loadmg  riJUi 
mortar,  made  for  the  United  States  Ordnance  Department  hy  Wet^t  Point  Foundry  Atee- 
oiationf  at  Weet  Point  Foundry ,  under  contract  of  Ckief  of  Ordnance,  U,  8,  Army  dated  Au- 
gust 7,  18»4. 


Snl^eot  of  measarement. 


Prescribed 
dimensions.' 


Allowed  vari- 
ations. 


PBOJVCTILB. 

Length  of  cylindrical  portion  of  body  i  {JJJ^ 

Length  of  conical  portion  of  body 

Length  of  head 

Length  of  base  for  sabot 

Total  length  of  pn^eotile 

Diameter  of  cylindrical  portion  s  JJJJj \'V.  ........ 

Diameter  of  conical  base  under  sabot  j  JJJJ^* "',',',",'.'.'.'."... 

Radios  of  head / 

Thickness  of  bottom 

Length  of  interior  cavity 

Thiokoess  of  walls  at  S.is  inches  ftx»m  base 

Thickness  of  walls  at  18.7  inches  from  base 

^ooentricity  of  axis  of  interior  cavity  .per  cent,  of  caliber . . 

Diameter  of  screw-plughole 

Pitch  of  thread  on  screw-plug  hole to  the  inch  . 

Length  of  thread  on  acrew-plog  hole 


Weight  of  projectile  with  ping . . 

BABOT. 


Radius  for  outside  cap  of  base... 
Radius  for  inside  cup  of  baae  .... 

Height  of  ssbot 

Bxterior  diameter  of  sabot 

Thickness  of  base  around  plug  . . 
Thickness  of  parallel  portion  of  bi 
Distance  of  cannelure  from  rear . 

Depth  of  cannelure 

Maximun  width  of  cannelure  — 


Ineket. 
12.170 
2.0 
1.25 
13.4 
2.0 
83.770 
11.02 
n.97 
11.82 
11.72 
18.0 
3.0 
22.45 
2.50 
1585 


Inch,     PercL 


±.05 


! 


+2 


J  ±.01 

|±0l1 
±0.5 

±ai 

±0.1 


±1 


Weight  of  sabot  (computed)  . . . 
Weight  of  sabot  and  projectile. 


2.0 

0 
8.0 
Lbi. 

Ineh€$. 
8.15 
0.3 
8.75 
11.87 
.4 
.25 
.8 
.85 
.3 
Lbt. 
24 

0.08 


±.01 


U 


±.01 


{-  ci 


Nnmber  of  010  pound  12-inch  Bnreka 
shell  examined 103 

Number  rejected  for  defects  in  material 
orilnish 5 

Total  number  r^ected 5 

Total  nnmber  accepted 96 

Weight  of  heaviest  one  accepted  (in- 
cluding sabot) 013 

Weight  of  lightest  one  accepted  (Includ- 
ingsabot). 508 

Weight  of  total  number  accepted  (ex- 
cluding sabot) 57,020 

Mean  weight  of  projectile  (including 
aabot) 003.01 


Nnmber  of  sabots  examined ^^ 

Number  of  sabots  reelected  for  erroneooa 

dimensions  (rough  castings) ^ 

Number  of  sabots  n^eoted  for  defects  in 

material  or  finish * 

Total  number  of  sabots  rejected ^ 

Numberof  sabots  accepted.  •  iS  as 

Weight  of  total  nnmber  accepted ''TTv* 

Mean  weight  of  sabot     '*•" 

Weight  of  total  number  of  shot  and 

aabota accepted  •    «i 

Actnal  weight  of  base  plug  (aven^^e) . .  ^* 
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PHYSICAL  PROPBETIES. 


Sp«)ciBien. 

DeoBity   (act- 
ual). 

(From    7.1119 
{  To         7. 3273 

Pre- 
Bcribed. 

Tenacity. 

Allowed 
Actual          Taria- 

tiOQS. 

CFrom26.43e  )            ^ 
{  To      80, 487  i        ""'' 

Actual  vaiia. 
tiona. 

5Prom-M,436 
iTo      +5,467 

Sabot  metal. 

Eight  •pMlmont. . . 

1 2ft.  000 

Copper,  75  parts. 
Zinc,  25  parts. 

Average 

7.2023 

-  •  •     *  •  *  « 

28,746 

+3, 746 

BiMAKU.-— One  projectile  in  addition  to  the  two  hundred  required  to  complete  contract  accepted 
wider  authority  from  the  Chief  of  Ordnance,  U.  S.  A.,  dated  April  80,  1885.  Shell  bodies  mndo  after 
dnwiuK  ^'corrc-oted  October  11,  1884^'  sabots  after  drawing  (lat«d  April  4,  1885.  Shipped  to  United 
8tates proTinggTOund,  Sandy  Boolt,  New  Jersev,  May  16,  1885. 

I  certify  bbati  have  carefollv  inspected  the  aoove-uoted  projectiles,  and  that  they  conform  to  the 
dimensions  prescribed  within  ihe  variations  alloweil ;  and.  further,  that  the  terms  of  the  contract  as 
to  material  and  workmanship  have  been  complied  with  in  their  manufacture. 

Date  of  inspection. — Shell  bodies,  November  20,  1884 ;  sabots  and  shell  complete,  April  29,  1885. 

R.  BlftNIS,  Jk  , 
Lieutenant  qf  Ordnance,  Inepeetor. 

IntpecHcn  report  of  Eureka  eaboU  for  VZinch  ogival-headed  shell  for  muzzU'loading  rifled 
mortar^  made  for  the  United  Statee  Ordnance  Department  hif  Weel  Point  Foundry  Asso- 
dalioM,  at  Weet  Point  Foundry,  under  contract  of  Chief  of  Ordnance^  U.  8,  Army^  dated 
Augunt  7,  1864, 


Subject  of  measurement 


Prescribed ' 
dimensions. 


Alloa  ed 
variations. 


BABOT. 

Badias  for  outside  cup  of  base 

Radius  for  inside  cup  of  base 

Height  of  sabot 

Exterior  diameter  of  sabot    

Thickness  of  base  around  ping 

Thickness  of  parallel  portion  of  base 

Distance  of  caunelnre  from  rear 

Depth  of  cannelure    

Maximum  width  of  canelure 


Inehse. 
8.15 
6.3 
3.75 
11.97 
.4 
.25 
.8 
.35 
.3 


Weight  of  sabot  (computed) ,  24  pounds. 


±0.01 


Number  of  12<inch  Eureka  sabots  examined.  200  i  Number  of  sabots  rejected  for  defects  in  ma- 
Weight  of  heaviest  sabot  accepted 23;      terial  or  finish  ■ 4 

Weiihtof  lightest  sabot  accepted 21     Total  numbt^r  of  sab  )ts  ri«JHcted 9 

KamDer  of  sabots  examined •  ...    209     Number  of  sabots  accepted 200 

Vamber  of  sabota  rejected  for  erroneous  di'  Weight  of  total  number  accepted —  4, 400 

mensions  (rough  eastings) 5     Mean  weight  of  sabot 22 

Composition  of  sabot  metal :  Copper,  75 ;  zinc,  25  parta. 

*RliUBU.~Made  after  drawing,  dated  April  4,  1885.    Shipped  to  Unite<l  States  proving-ground 
Sudy  Hook.  N.  J.,  May  16,  1885. 

1  certify  that  I  have  carefully  inspected  the  above-noted  projectiles,  and  that  they  conform  to  the 
dimensions  prescribed  within  the  variations  allowed ;  and,  zurther.  that  the  terms  of  the  contract  as 
to  material  and  workmatushiphave  been  complied  with  in  their  manufacture. 
Date  of  inspection,  May  7,  1885. 

R.  BIRNIE,  Jr., 
Lieutenant  of  Ordnance,  Inepedor. 
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PACKING  CASES  FOB  BEAVT  PROJECTILES. 
By  Lieut,  ^^ogers  Birnie,  Jr.,  Ordnance  Department. 

(2  plates.) 

West  Point  Foundry, 
Cold  Spring^  K  F.,  /8feptaiii6er  26, 1885. 

General:  Pursuant  to  your  instructions,  I  have  the  honor  to  submit 
the  following  description  of  the  method  of  packing  heavy  projectiles, 
,  which  was  approved  by  you  under  date  of  May  I,  1885. 

The  packing  barrels  were  originally  designed  to  facilitate  the  hand- 
ling in  transportation  of  12inch  breech -loading  shot  weighing  from  700 
to  800  pounds  each,  replacing  the  square  boxes  heretofore  ordinarily 
used  for  packing  projectiles. 

In  April  of  this  year  twenty-five  12-inch  muzzle-loading  rifled  mort» 
shell,  net  weight  610  pounds,  were  packed  in  this  way  and  shipped  from 
this  foundry  to  the  proving  ground  at  Sandy  Hook,  N.  J.  Upon  an 
examination  made  after  the  arrival  of  the  projectiles  at  that  place,  the 
following  report  was  made : 

The  Ordnance  Board,  U.  S.  A. 

New  Tork  April  29,  1685. 

Respectfully,  retarned  to  the  Chief  of  Ordnance,  U.  S.  A. 

Lieutenant  Bimie's  mode  of  packin|(  possesses  several  adTantagea  over  that  now  \l 
use,  viz : 
(i)  The  barrel  is  stronger  than  the  box. 

(2)  If  projectiles  are  piled  for  storage,  the  contact  surfaces  of  barrels  will  be  smaller 
than  those  of  boxes,  the  ventilation  will  be  better,  and  the  packa^e^  will  last  lonj^er. 

(3)  As  the  barrel  can  be  rolled  when  the  box  woald  require  loading  on  a  track,  it  n 
easier  to  handle. 

(4)  A  coating  of  lacquer  or  vaseline  is  necessary  to  preserve  projectiles  from  rutt: 
the  open  joints  of  the  barrel  are,  therefore,  not  regarded  as  objectionable. 

It  is  recommended  that  Lieutenant  Birnie's  method  of  packing  be  adopted  for  heaTj 
projectiles. 
For  the  Board. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance,  Prendeut  of  BoaH. 

From  this  it  will  be  understood  that  projectiles  of  S-incli  caliber  and 
upwanls,  which  are  intended  to  be  placed  in  store,  should  be  packed 
in  the  barrels.  But  if  the  projectiles  are  intended  for  immediate  issae 
into  service,  those  of  less  than  300pounds  weight  will  preferably  be 
packed  in  the  ordinary  square  box.  which  can  be  made  more  quickly  and 
at  less  cost  than  the  barrel.  In  all  cases  the  projectiles  must  be  coated 
with  vaseline  or  lacquer  before  packing. 

Samples  of  the  packing  barrels  made  of  pine  are  shown  in  Plates  I 
and  II,  herewith,  viz : 

12'inch  hreech-loading  shot,  weight  800  pounds  (Plate  I). — ^The  twelve 
staves,  of  equal  width  to  correspond  to  the  twelve  sides  of  the  base  and 
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head,  and  1.25  inches  thick,  extend  the  whole  length  of  the  case.  The 
base  piece  is  2  inches  thick,  and  is  recessed  on  the  inner  side  to  receive 
the  head  of  the  screwplug,  so  that  elsewhere  it  supports  the  base  of 
the  shot  evenly.  The  diameter  of  the  inscribed  circle  of  the  base  is 
11.94  inches,  or  the  same  as  the  diameter  of  the  cylindrical  portion  of 
the  shot  at  rear.  The  head  is  also  2  inches  thick,  but  has  a  batten  1.25 
inches  thick  on  the  inside  face,  which  is  bored  through  to  receive  and 
support  the  point  of  the  shot ;  this  batten  also  serves  to  strengthen  the 
head  and  prevent  it  from  splitting.  Wrought  nails  are  used  to  secure 
the  batten.  The  inscribed  diameter  of  the  head  piece  is  12  inches,  or 
nearly  the  same  as  the  diameter  of  the  cylindrical  portion  of  the  shot 
at  front.  The  difference  in  the  size  of  the  head  and  base  makes  the 
exterior  of  the  case  slightly  pyramidal  in  shape  and  allows  contact  be- 
tween the  staves  and  the  rear  portion  of  the  shot ;  each  stave  is  lightly 
recessed  over  the  place  of  the  band  in  order  to  clear  it.  The  staves  are 
fastend  to  the  head  with  12^^.  nails,  2  in  each  end  of  each  stave,  thus 
requiring  about  1  pound  of  these  nails  for  each  box.  The  barrel  is  held 
around  with  four  bands  of  1-inch  hoop  iron  punched  and  secured  by 
wrought  nails  to  each  stave.  Two  straps  of  this  hoop-iron  are  like- 
wise secured  across  the  grain  of  the  base  of  the  barrel,  as  shown  in  the 
drawing,  to  prevent  this  piece  from  splitting. 

In  packing,  the  barrel  is  built  around  the  projectile.  The  base  piece 
being  laid  on  the  floor,  the  projectile  is  raised  and  placed  to  rest  ver- 
tically upon  it;  the  head  is  then  rested  upon  the  projectile  and  the  staves 
fastened.  The  marks  placed  upon  the  head  of  the  barrel  indicate  the 
kind,  caliber,  and  weight  of  projectile,  and  the  place  where  manufact- 
ared. 

V2'inch  muzzle- loading  rifled  mortar  shell  Uureka^  weight  685  pounds 
(Plate  II). — This  packing  case  differs  essentially  from  the  former  only 
in  the  details  of  the  base  piece  and  recesses  in  the  staves,  which  are 
arranged  to  protect  the  sabot  in  transportation.  With  the  Eureka 
(Arrick)  sabot  the  head  of  the  screw-plug  is  within  the  rim  of  the  cup, 
and  it  is  necessary  to  place  a  thickness  of  board  on  the  inner  face  of 
the  base  piece  of  the  barrel  to  support  the  weight  of  the  projectile 
against  the  head  of  the  screw-plug.  This  piece  is  0.75  of  an  inch  thick 
and  bored  through  for  the  head  of  the  base  fuze;  it  supports  the  head 
of  the  screw  plug  but  does  not  bear  upon  the  sabot;  moreover,  being 
nailed  to  the  base  piece  of  the  barrel,  it  serves  as  a  batten  and  renders 
the  use  of  the  outside  cross-straps  of  hoop-iron  unnecessary. 

Nomenclature. — ^These  examples  illu>trate  the  general  designs  of 
barrels  adapted  to  packing  the  present  service  projectiles.  The  packing 
barrel  consists  of,  1,  the  base  piece;  2,  the  head  piece;  3,  the  staves; 
4,  the  base  batten ;  5,  the  head  batten ;  6^ the  hoops :  7,  the  base  straps. 
When  the  base  batten  is  used  the  base  straps  may  oe  omitted,  and  the 
reverse. 

The  base  and  head  pieces  should  be  made  from  boards  planed  on  one 
side ;  a  pattern  is  used  to  lay  out  the  figure  on  the  smooth  side,  and 
the  pieces  are  ttien  shaped  with  a  saw.  The  lumber  used  for  the  staves 
need  not  be  planed  or  the  staves  themselves  dressed  after  being  sawed 
out.  They  can  readily  be  made  of  uniform  size  and  placed  around  the 
projectile  with  joints  slightly  open  at  the  most.  The  recesses  for  the 
bauds  are  made  in  the  staves  by  taking  a  shallow  sawcut  at  each  side 
of  the  recess  and  afterwards  removing  the  intermediate  portion  by 
hand  labor;  these  recesses  in  no  case  need  exceed  0.125  of  an  inch  in 
depth. 
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MODIFICATIONS  OP    THE  DRAWINGS  WITH    DIFFERENT  PBOJSCTILSd 

AND  CALIBERS. 

yumher  of  sides, — For  S-inch  projectiles  the  barrels  should  be  made 
«ia?sided,  for  10  inch  projectiles  eight-aidedj  and  for  12  iuch  and  larger 
calibers  iwelvesided. 

The  head  and  base  pieces, — For  8-inch  projectiles  the  head,  which  i-i 
always  battened,  may  be  made  1.5  inches  thick,  with  a  batten  1.0  inch 
thick,  and  the  base  also  1.5  inches  thick  when  it  is  battened,  as  iu  the 
case  of  muzzle-loading  projectiles  with  a  sabot  like  the  Arrick,  bat  it 
should  be  2  indies  thick  if  the  head  of  the  screw  plug  be  countersuDk^ 
as  with  breech  loivding  projectiles  or  muzzle-loading  projectiles  of  the 
Butler  kind.  For  10  inch  projectiles  and  above,  the  thickness  of  tlie 
head  or  base  should  not  be  less  than  2  inches,  and  for  projectiles  of  over 
800  pounds  weight  the  thickness  of  the  base  piece  should  be  increased 
to  2.5  or  3  inches. 

The  staves, — Up  to  lOinch  calibers  inclusive,  a  thickness  of  1  inch  U 
sufficient  for  the  staves;  larger  calibers  will  require  a  thickness  of  L25 
inches.  The  staves  need  not  be  recessed  for  the  sabot  in  cases  where 
they  would  not  press  injuriously  upon  it,  as,  for  instance,  with  the  pres- 
ent 8-inch  muzzle-loading  Butler  or  Arrick  projectiles,  where  the  sabot 
forms  a  continuation  of  the  straight  cylindrical  portion  of  the  projectile.* 

The  head  batten, — This  is  necessary  with  all  projectiles;  a  thicknesj> 
of  1  inch  will  suffice  for  i>rojectiles  up  to  10-inch  calibers  or  others  uoi 
much  exceeding  600  pounds  in  weight.  For  larger  or  heavier  projectiles 
the  thickness  should  not  be  less  than  1.25  inches. 

The  base  batten, — This  is  used  only  when  necessary  to  protect  such 
sabots  as  the  Arrick,  its  thickness  being  such  as  to  clear  the  rim  of  the 
cup  from  the  base  of  the  barrel  whilst  supporting  the  head  of  the  screw- 
plug  of  the  projectile;  but  to  be  effective  as  a  batten  the  thickness 
should  not  be  less  than  0.625  of  an  inch. 

The  hoops, — Eight-inch  projectiles  will  need  only  three  bands  of  hoop- 
iron;  with  longer  barrels  than  shown  on  the  drawing,  for  theSOO  poaud 
12-iuch  shot,  a  greater  number  than  four  may  be  found  expedient 

The  base  straps, — These  must  be  used  and  placed  across  the  grain  ot 
the  base  piece  to  prevent  splitting,  when  the  latter  is  not  secured  by  a 
batten. 

Very  respectfully,  your  obedient  servant, 

E.  BIENIB,  Jr., 
Lieutenant  of  Ordnance, 

*  In  cases  of  this  kind,  also,  the  base,  and  head  pieces  wonld  be  of  eqoal  sizeaud  the 
staves  of  the  barrel  parallel  instead  of  convergent,  as  indicated  in  the  drawings  givea. 
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lySPECTIOy  BEPOBT  OF  8  AlfD  10  I^CH  COHEJD  CJSTJJtON  SHOT,  WITH 

OUT  sjBors  on  BAyns.  fob  bbeech-loadikg  bjfles,  made  A1 

THE  WEST  POINT  FOUNDBY, 

Bt  Lieut.  Roobrs  Birnib,  Jr.,  Ordkancs  Dkpartment. 

(1  plate.) 

West  Point  Foundry, 
Cold  Spring^  N.  F.,  September  21, 1886. 

Generai.  :  I  have  the  honor  to  submit  herewith  inspection  reports 
of  the  following  projectiles  made  at  this  foundry  under  contract  of  April 
25, 1885,  viz : 

Fifty-nine  IBO-pound  8-inch  cored  cast-Iron  shot. 

Fifty-one  235'pound  8-inch  cored  cast-iron  shot. 

Two  hundred  and  six  285- pound  8-iuch  cored  cast-iron  shot. 

Three  hundred  and  one  450pound  10-inch  cored  cast-iron  shot. 

These  projectiles,  intended  for  8  and  10  inch  breech-loading  rifles, 
are  prepared  for  service,  except  banding,  and  have  been  temporarily 
boxed  and  stored  at  this  place. 

The  accompanying  drawing  shows  the  dimensions  of  the  projectiles 
as  made.  After  casting  a  few  samples  of  each  kind  it  was  fonud  neces- 
sary to  add  to  the  dimensions  of  original  designs  in  order  to  obtain  the 
standard  weights,  as  follows :  With  the  235-pound  8-inch  shot  0.5  of  an 
inch,  with  the  285-pound  8-inch  shot  0.3  of  an  inch,  and  with  the  10-inch 
shot  0.2  of  an  inch  was  added  to  the  cylindrical  body  at  the  base. 

Following  the  usual  method  of  manufacture  at  this  foundry,  all  shot 
were  cast  point  down,  with  metal  taken  directly  from  the  air  furnace, 
and  were  fed  (except  for  the  180-pound  shot,  for  which  there  was  but 
one  feeding  head)  with  hot  metal  and  stirring  rods  through  two  small 
risers  on  diametrically  opposite  sides  of  the  core.  The  bases  were  cast 
to  finished  dimensions,  except  a  small  ''boss,"  left  for  machine  finish- 
ing— the  part  under  the  head  of  the  base  plug.  The  metal  was  drawn 
in  a  small  ladle,  holding  from  1,600  to  1,800  pounds.  This  method  of 
casting  the  base  to  finished  dimensions  is  ordinarily  followed  at  this 
foundry,  and  the  hard  skin  thus  left  on  the  casting  is  believed  to  be 
advnntageous  to  the  strength  of  the  shot  independent  of  the  cost  of 
production.  But,  unless  the  iron  for  the  charge  is  carefully  selected, 
it  is  difficult  to  fulfill  the  requirements  of  the  manufacture  by  this 
method.  The  upper  surface  of  the  casting  is  liable  to  be  unsound.  In 
the  present  case  the  number  of  castings  rejected  by  reason  of  defective 
bases  amounted  to  nearly  10  per  cent,  of  the  whole,  and  has  led  the 
founders  to  consider  the  propriety  in  the  future  of  casting  large  pro- 
jectiles with  a  sinking  head  several  inches  high  over  the  whole  of  the 
base.  However,  former  experience  here  has  shown,  in  the  casting  of 
12-inch  shot  from  700  to  800  pounds  weight,  and  also  with  varying  cali- 
bers down  to  8-inch,  that  with  an  entirely  suitable  mixture  of  iron 
thoroughly  satisfactory  shot  can  be  made  in  the  most  economical  man- 
ner by  casting  the  base  to  finished  size,  as  before  indicated.  The  use  of 
two  feedings  for  the  stirring  rods  becomes  necessary  when  the  cores 
are  long,  since  feeding  upon  one  side  alone  disturbs  the  position  of  the 
core  and  is  liable  to  render  the  shot  eccentric. 

The  following  table  gives  a  record  of  the  castings  and  tests  of  metal, 
includihg  composition  of  the  charge,  for  each  lot  of  castings: 
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It  will  be  seen  that  the  above  mixtures,  with  a  few  exoeptioas,  pro- 
duced iron  of  the  required  tenacity,  28,600  pounds  per  square  inch, 
and  of  suitable  specific  gravity,  placing  the  desirable  lower  limit  for 
this  last'at  7.13.  There  was  a  relatively  large  number  of  rejected  cast- 
ings, principally  for  defects  in  the  metal,  due  principally,  it  is  believed, 
to  the  use  of  air-furnace  scrap  (sprue-heads,  &c.)  lacking  in  cleanline&s. 
The  introduction  of  a  certain  amount  of  remelted  airfamace  castings 
is  highly  beneficial  to  the  strength,  and  in  this  case  the  founders  used 
the  only  material  of  this  kind  at  hand,  to  their  ultimate  loss,  howeTer,in 
the  close  inspection  which  each  projectile  receives  before  it  is  accepted. 
Where  gunscrap  is  obtainable,  a  mixture  of  this  with  a  soft  anthracite 
and  a  medium  charcoal  pig  is  found  to  produce  good  results. 

Of  the  different  grades  of  pig-iron  used,  the  Amenia  and  Gere  are 
charcoal  irons  and  the  Hudson  and  Poughkeepsie  anthracite  irons. 
The  Amen  ja,  produced  at  the  Wassaic  Furnace,  Dutchess  County,  New 
York,  has  come  into  notice  within  the  past  few  years.  A  specimen 
taken  from  No.  3  pig  and  tested  at  this  foundry  June  3, 1885,  gave  a 
tenacity  of  18,848,  and  one  of  No.  4  tested  at  the  same  time  gave  40,388 
pounds  per  square  inch.  The  Gere  iron  is  produced  at  Port  Leydeo 
(near  6'yraeuse),  N.  Y,  Becent  tests  of  the  No.  2  pig  at  this  fouudiy 
gave  tenacities  varying  from  14,385  to  16,219  pounds  per  square  inch. 
The  Hudson  iron  has  given  satisfaction  in  continued  use  at  this  fomidiy. 

The  specific  gravity  and  tenacity  were  determined  for  each  lot  cast 
by  taking  a  specimen  from  one  of  the  shot,  which  was  cut  in  two  across 
the  largest  cross-section  of  the  core.  The  specimen  was  then  removed 
from  the  exposed  face  of  the  base  portion  with  a  hollow  boring  tool, 
taking  the  axis  of  the  specimen  parallel  to  that  of  the  shot. 
Very  respectfully,  your  obedient  servant, 

R.  BIRNIE,  Jb., 
Lieiitenant  of  Ordnance, 

Inspection  report  of  l80'pound  Q-inch  ogivaUheadedf  cored  cast-iron  shot,  witkout  saheU  or 
hands,  for  hreech- loading  rifies,  made  for  the  United  States  Ordnance  Department  by  Wtit 
Point  Foundry  Association,  at  Wtsi  Point  Foundry,  under  contract  of  Chief  of  Ordnance^ 
U,  S,  Army,  dated  April  25, 1885. 


Sabject  of  measurement. 


PROJBCriLB. 


Length  of  cylindrical  portion  of  body 

Lensth  of  head 

Total  length  of  projectile 

Diameti^r  of  c jliudrical  portion 

Kadina  of  head 

Tbickneasof  bottoni 

Length  of  interior  cavity 

Thickness  of  walls  at  4.05  inches  ftx>m  base. 

Eccentricity  of  axis  of  interior  cavity 

Diameter  oi  screw  plug  hole 

Pitch  of  thread  on  screw-plug  hole 

Length  of  thread  on  screy-plug  hole 


Weight  of  screw  plug 

Weight  of  projectile  with  screw  plug 


Prescribed ;    Allowed 
dimensions.  Tariationa. 


Inches, 
10.S.38 

8.002 
10.44 

7.05 
12.0 

2.8 
10.26 

2.225 


Inch, 

-f-0.21 

-0.17 

db0.19 

db0.01 

±0.05 

Hb0.1 

t0.1 

:0.1 


14  per  cent  of  caliber. 
1.5      i  db0.01 

8  to  the  inch. 


2.3 
Lbs.  oz. 
1  5 

180  0 


±ai 


{ 


-1.8 
+2.7 


Number  of  180'pound  8-inoh  cored  cast-iron 
shot  examined 05 

Number  rejected  for  eccentricity  of  interior 
oavity 2 

Number  rejected  for  defects  in  material  or 
finish  4 


Total  number  r^eoted I 

Total  number  accepted 51 

Weight  of  heaviest  one  accepted... lbs..      181 

Weight  of  lightest  one  accepted do. .      IM 

Weight  of  total  number  accepted  ..  .do. .  10^  TO 
Mean  weight  of  pTX>Jectile do..      ULT 
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PHYSICAL  PR0PBRTIE8. 


Speoimen. 

Density  (Mt- 
aaJ). 

Tenmoltj. 

Pre- 
ociibed. 

Actnal. 

Allowed 
▼ariations. 

Aotnal  varia- 
tions. 

Mean  of  foor  ■p«cimen8,  one 
from  niob  lot  oaat 

C  From  7. 1201 
{  To      7. 2850 

|a7,000 

(From  25, 535 
>  To      31, 057 

1          -2,000 

(From   -1,465 
{  To        +4. 057 

A  TttrAffV) 

7.1035 

28.377 

+  1.377 

RiMAKKB.— Boxed,  with  oovera  lightly  fostened,  to  provide  for  rerooval  when  banding  ie  required, 
ftm)  ftorrd  at  West  Point  Fonndry. 

I  certify  that  I  have  carefullv  inspected  the  abovo-not4>d  projectiles,  and  that  they  conform  to  the 
dimensions  prescribed  within  tae  variations  allowed ;  and,  fnrtber,  that  the  terms  of  the  oontraol  M 
to  msterial  and  workmanship  have  l)een  complied  with  in  their  mannfaotaro. 

Data  of  inspection,  August  14, 1885.  R.  BIRNIE.  Jb., 

LietUtnarU  df  Ordnance,  inspsetor. 


In$peetion  report  of  2:i5-pound  S-inoh  ogival-headed  oored  cast-iron  ahott  without  eahots  or 
hand»,for  breooh-loading  rifles^  made  for  the  United  Statee  Ordnance  Department  by  Weet 
Point  Fonndnf  Awociation,  at  Weet  Point  Foundry,  under  contract  of  Chief  of  OrdnanoOf 
r.  S.  Army,  dated  ApHl  25,  18fl5. 


Subject  of  measnroment. 


Prescribed     Allowed 
dimensions,  variations. 


PROJSCTILB. 


Length  of  cylindrical  portion  of  body  <"' 

Length  of  conical  portion  of  body 

Length  of  hea<i 

TotiU  length  of  projectile 

Diameter  of  cylindrical  portion  J  JJS5** 

Radius  of  head 

Thickness  of  liottom 

Length  of  interior  cayity 

Thickness  of  walls  at  4  5  inches  from  base . 
Thickness  of  walls  at  0.9  inches  from  base. 

Ecoentricitv  of  axis  of  interior  cavity 

Diameter  or  Ncrew-plug  bole 

Pitch  of  threail  od  screw-plug  hole 

Length  of  thread  on  scrow-plug  hole 


Weight  of  screw-plug 

Weight  of  projectile  with  screw-plug. 


IneheM. 

0.45 

2.75 

1.25 
10.55 
24.0 

7.93 

7.97 
16.0 

2.75 
10.15 

2.715 

2. 715 : 

1^  per  cent. 

L5      I 

8  to  the 

2.75 
Poundt. 

I  65 

285  U 


Inch. 
+0.10 

[      ,db0.05 

-0.21 

i:0.24 

I       ±0.01 

±0.05 
dbO.  1 
db0.1 

[        ±0.1 

of  caliber. 

±0.01 
inch. 

±0.1 


Kamber  of  235- pound  8-inch  cored  ca8^iron 
Dhot  examined    .... 

Nambcr  r<ueGted  for  eccentricity  of  interior 
csTity 

Namber  Rejected  for  defects  in  material  or 


I  Total  number  rejected 0 

60   I   Total  number  accepted 51 

Weight  of  heaviest  one  accepted. .  .lbs. .        236 
2  '   Weightoflight<-8t  one  accepted  ...  do..       233 
Weight  of  total  nnmber  accepted  ..do..  11,900 
7  1   Mean  weight  oi  projectile do..        284.7 


PHYSICAL  PROPERTIES. 


Specimen. 

Density  (act- 
ual). 

M^an  of  two  specimens,  one 
from  each  lot  cast 

Avenee 

1 

(From  7.  2430?' 
To      7:24715 

7.2450  I 

1 

Tenacity. 


Prescribed. 


Actual. 


27  000  ;  5  ''^rom  26, 813 
^•"""    {To      27,154 


26,884 


Actnal  varia* 
tions. 


RlHAKKS. — ^B«>xed,  with  covers  lightly  fastened,  to  provide  for  removal  when  required ;  to  be  banded 
tad  stored  at  West  Point  Foundry. 

I  certify  that  1  haye  carefnlly  inspected  the  above«noted  projectiles,  and  that  they  conform  to  the 
dimensions  prescribed  within  the  variations  sUowcd :  and,  further,  that  the  terms  of  the  contract  M 
to  msterlsl  and  workmanship  have  been  complied  with  in  their  manufacture. 

I>ste  of  inspection,  August  14, 1 885.  R.  BIRKIB,  Jb., 

Lieutenant  of  Ordnance^  Intpecter. 
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Inspection  report  of  HHIb-pound  &-inch  ogivaUheaded,  ooredt  cast-iron  shotf  mtkoui  stAsU  or 
hands,  for  breech-loading  rifles,  made  for  the  United  States  Ordnance  DMrtwteni.  ^ 
West  Point  Foundry  Jssooiation,  at  West  Point  Foundry,  under  oontraei  of  Ckitf  of  Ori- 
nance,  U.  8.  Army,  dated  April  25,  1885. 

PARTIALLY  PREPARED  FOR  SERVICS. 


Subject  of  moMnrement. 


PrMCTibed     Allowed 
dimenaions.  TuieUooA. 


PROJKCTILK. 

Length  of  cylindrical  portion  of  body  j  fj^^' 

L«nj(th  of  oonioal  portion  of  body 

Length  of  head 

Total  length  of  projectile 

Diameter  of  cylindrical  portion  J  J^Jj 

Ra<lia8  of  head 

ThickneM  of  bottom 

Length  of  interior  cavity 

Tkicknees  of  walls  at  4.75  inches  ftt>m  base. . 
Thickness  of  walls  at  13.65  inches  from  base. 

Booentricity  of  axis  of  interior  cavity 

Diameter  of  screw*pliig  hole 

Pitch  of  thread  on  sere  wplag  hole 

Length  of  thread  on  screw-plug  hole 


Weight  of  screw-plug 

Weight  of  projectile  with  8crew>plug. 


Inches. 

13.75 
2.75 
1.25 

10.65 

28.30 
7.08 
7.07 

1«.0 
8.5 

18.16 
2.716 
2.715 


+0.«7 

^0.06 

-0.21 
^0.28 

±aoi 


I 
1 


±0.05 

±0.1 

±0.1 

±0.1 


li  per  cent,  of  csliber. 

1.6      I         ±0.01 
8  per  inch. 

3. 5      I         ±0. 1 
Pownds.    I 

2.0 

285.0 


Nnmber  of  285- pound  8-inch  cored  cast-iron 

diot  examined 264 

Nnmber  rejected  for  erroneous  dimensions 

of  interior  cavity 2 

Number  rejected  for  eccentricity  of  in* 

terioroavlty 10 

Nnmber  rejected  for  defects  in  material  or 

Anlsh 46 


Total  nnmber  rejected s 

Total  nnmber  accepted 2M 

Weight  of  heaviest  one  aceepted ...  lbs . .  2M 
Weight  ot  lightest  one  accepted  . . .  do. . .  280 
Weight  of  total  number  accepted .  .do. ..  58, 70 
Mean  weight  of  projectile do...      2614 


PHYSICAL  PROPBRTIBS. 


Specimen. 

Density  (act- 
nal). 

Tenacity. 

\ 

1 

Prescribed. 

Actual. 

Actnsl 
variationa  | 

1 

Mean  of  seven  specimens, 
one  from  each  lot  cast 

Averaira 

CFrom7.0066> 
{  To      7. 8251< 

27,000 

C  From  27, 154 
^To      81,008 

1 

From+   154 
To     -K0» 

7.2104 

28.350 

-i,aM 

> 

Rkmabkb. — The  weight  of  twelve  of  the  shot  accepted  was  raised  to  standard  by  adding  3  poaodt 
to  the  base-plue,  which  was  lengthened  bv  screwing  in  an  iron  rod  extending  throogh  the  eon  to  iU 
point.  ProJ  ectiles  boxed,  with  covers  lightly  ftstened,  to  provide  for  removal  when  banding  is  reqoini 
and  stored  at  West  Point  Foundry. 

I  certify  that  I  have  carefully  inspected  the  above-noted  projectiles,  and  that  thev  conform  to  tfca 
dimensions  prescribed  within  the  variations  allowed ;  and,  furtner,  that  the  terms  of  the  ountnct  u 
to  material  and  workmanship  have  been  complied  with  in  their  manufactnre. 

Date  of  inspection,  August  14.  1885. 

R.  BIRKIE.  Jl, 
LisuttinufU  vf  Ordnamet,  InifieUf. 
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jMpectiom  report  of  450-pound  10-iitc^  ogival'lt4'aded,  cored,  cast-iron  ahotj  without  sabots  or 
bands,  for  breech-loading  rifles  made  for  the  United  States  Ordnance  Department  by  West 
Point  Foundry  Association,  at  West  Point  Foundry,  under  contract  of  Chief  of  Ordnance, 
l\  S.  Army,  dated  Apnl  25,  1885. 


PARTIALLY  PREPARED  FOR  SERVICE. 


I 


Sabject  of  mMsarement. 


PBOJSCTILK. 

Length  of  oylindrioal  portion  of  body  i  f^^{^  \ ' 

Length  of  conical  portion  of  body 

Length  of  head 

Total  length  of  projectile 

Diameter  of  cylindrical  portion  <  f^^^' 

Radius  of  head 

Thickneaa  of  bottom 

Length  of  interior  cavi^ 

Thiokneas  of  walls  at  5.10  inches  from  base. . . 

Eccentricit  V  of  axis  of  interior  cavity 

Diameter  of  screw^plug  hole 

Pitch  of  thread  on  aorew-plnf  hole  

Length  of  thread  on  ecrew-pmg  hole 


Prescribed 
dimentions. 


Weight  of  screw-plng 

Weight  of  proleotUe  with  screw-plng. 


Inehet. 

12.90 
2.75 
1.25 

13.21 

30.20 
0.03 
0.07 

20.0 
3.0 

14.56 
2.78 
11  per  cent 
1.76 
6  per 
8.0 
Pounds. 
2.5 

450.0 


AUowed   ' 
variations. 


Ineh. 
+0.25 

±0.05 

-0.26 
±0.30 

±0.01 

±0.05 
±0.1 

±ai 

±0.15 
of  caliber. 

±0.01 
inch. 

±0.1 


-4.5 
+6.75 


Kvaber  of  450»ponnd  10-inch  cored  cast- 
iron  ihot  examined 

Kattber  r^ected  for  erroneous  dimensions 
of  interior  cavity 

Hnmber  r^ected  for  eccentricity  of  inter- 
ior cavity 

Hnmber  rejected  for  defects  in  material  or 


880 

5 

1 

73 


Total  number  r«)}ected 70 

Total  number  acxiepted 801 

Weight  of  heaviest  one  accepted  .  .lbs. .  456 
Weight  of  lightest  one  accepted  . . .  do . .  444 
Weight  of  total  number  accepted,  .do. . .  136, 168 
Mean  weight  of  projectile do . . .       440. 06 


PHYSICAL  PROPERTIES. 


1 

Specimen. 

Density  (act- 
ual.) 

Tenacity. 

Prescribed. 

Actual 

Actual 
variations. 

Mean  of  seventeen  specimens, 
onefkom  eaoh  lot  cast 

ATeraffe 

5FTom7.C0S6> 
{  To      7. 37205 

27.000 

(From  26, 254 
{To      33.086 

From—  7.46 
To      +00.86 

7  2540 

30.281 

+82.81 

RnuBKS. — The  weight  of  twenty-two  of  the  shot  accepted  was  raised  to  standard  by  adding  4 
wmnds  to  the  base-plug,  which  was' lengthened  by  screwing  in  sn  iron  rod  extending  throagh  the  core 
to  its  point.  Prc^jectiles  boxed,  with  covers  lightly  fastened,  to  provide  for  removal  when  banding  is 
reqnii^,  and  stored  at  West  Point  Foundry. 

I  certify  that  I  have  carefully  inspected  toe  abore-noted  projectiles,  and  that  they  conform  to  the 
dimensions  prescribed  within  the  variations  allowed :  and,  nirther,  that  the  terms  of  the  contract  as 
to  material  and  workmanship  have  been  complied  with  in  their  manufacture. 

Date  of  inspection,  July  11,  1885. 

R.  BIRNIE,  Jr., 
Lieutenant  qf  Ordnance,  Injector, 
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Appendix   42. 


REPORT  0^    RECONSTRUCTION  OF    CONVERTED  &-INCff  RIFLE  NO.   68 

{BREECH  INSERTION), 

Br  LiBUT.  RooERS  BiRNiEy  Jr.,  Ordnance  Department. 

JUNB  10, 1885. 

Oensbal  :  I  have  the  honor  to  transmit  herewith  the  following  re- 
portA  pertaining  to  the  reconstruction  of  converted  S-inch  riile  No.  68, 
(breech  insertion),  the  inner  tube  of  which,  made  by  Paulding  Kemble, 
&  Co.,  ander  contract  dated  June  12, 1883,  for  the  original  gun,  failed 
under  the  firing  proof  at  Sandy  Hook,  New  Jersey,  July  26,  18^,  viz  : 

Mechanical  tests  of  two  specimens  of  24-inch  square  Phoenix  bar-iron 
used  for  making  the  new  inner  tub«. 

Inspection  of  coiled  wrought-iron  tube  No.  68  (duplicate). 

Inspection  of  converted  B-inch  rifle  No.  68  (duplicate)  with  record  of 
measurements  with  star-gauge  and  calipers. 

This  is  the  first  instance  in  which  any  other  iron  of  domestic  man- 
ufacture than  the  Ulster  has  been  used  for  making  these  coiled 
wronght-iron  tubes.  At  the  time  the  iron  was  needed  for  this  tube 
the  Ulster  works  were  not  in  operation.  After  several  ineffectual  at- 
tempts to  obtain  bar-iron  of- the  requisite  qualities  elsewhere,  a  lot  of 
8  bars  (sufficient  to  make  the  inner  tube)  was  purchased  from  the 
Phoenix  Iron  Company.  The  tests  of  this  iron  herewith  show  that  its 
general  physical  properties  are  equal  to  those  of  the  Ulster  iron. 

The  iron  was  accepted  upon  the  results  of  the  tests  made  as  given. 
This  iron  is  not  equal  in  purity  to  the  Ulster  iron,  as  shown  by  the 
general  ap|)earance  of  the  metal  when  machine  finished,  but  the  bore 
of  the  finished  tube  is  clean  and  free  from  serious  flaws  or  cinder 
marks. 

In  extracting  the  unserviceable  tube  from  the  casing  after  the  muzzle- 
collar,  securing  pin,  and  vent-piece  had  been  removed,  the  whole  tube 
was  unscrewed  and  withdrawn  cold.  No  heat  was  applied,  as  in  a  pre- 
vious case  of  the  same  kind.*  In  this  gun  it  is  certain  that  the  two 
rounds  to  which  it  had  been  subjected  in  the  firing  proof  had  not  ^'set" 
the  tube  out  against  the  casing. 

The  jacket  of  the  tube  was  also  removed  in  this  case  without  the 
application  of  heat.  The  inner  tube  was  cut  off  near  the  muzzle  end 
of  the  jacket;  the  portion  within  the  bore  of  jacket  was  then  bored  out 
to  within  a  few  inches  of  the  bottom  until  a  shell  of  from  0.01  to  0.03 
of  an  inch  in  thickness  was  left.  The  bottom  was  then  pierced  through 
to  receive  a  strong  bolt^  which  was  passed  through  to  the  front  of  the 
jacket  and  furnished  with  a  screw-thread  at  that  end.  A  cross-head 
wan  next  supported  against  the  muzzle  of  the  jacket  and  the  shell  of 
the  tube  witbdrawn.    The  sides  were  so  thin  that  no  great  resistance 

*  See  Report  of  the  Chief  of  Ordnance,  U.  S.  Army,  for  1884,  page  350. 
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was  offered,  and  the  jacket  was  found  to  be  intact  when  freed  from  the 
tube.  The  same  jacket  was  used  in  making  the  new  tube;  it  vasal- 
ready  threaded  and  fitted  to  the  casing,  and  after  being  shrank  aprm 
the  new  tube,  when  the  chase  and  shoulder  of  the  latter  were  tamed  to 
finished  size,  was  finally  assembled  again  in  the  gun  easing  without  re 
quiring  additional  finish  except  some  slight  handwork. 

In  shrinking  the  jacket  upon  the  tube  the  latter  was  not  broaght 
to  a  firm  seat  at  bottom ;  a  space  of  0.1  of  an  inch  was  left  between  the 
base  of  the  tube  and  the  bottom  of  the  jacket.  This  space  was  after- 
wards caulked  by  driving  in  the  several  segments  of  a  wrought  iron 
ring,  finished  and  fitted,  to  fill  the  empty  space.  The  bottom  of  the 
cup,  or  base  of  the  tube,  finally  received  its  usual  support  from  the  face 
of  the  cast  iron  breech-plug,  which  was  carefully  fitted  ^o  secure  tbiaentl 

The  failure  of  the  original  inner  tube  under  the  proof  firing  waa  due 
to  the  same  cause  as  in  the  case  of  the  previous  gun  before  referred  to. 
This  tube  was  not  cut  through  the  defects  for  examination,  but  the  de- 
pression in  the  bore  was  examined  after  the  tube  was  cut  oflf.  The  de- 
pression is  situated  at  the  weld  joint,  between  the  two  coiled  sectioD^, 
which  form  the  middle  of  the  tube,  and  besides  the  prominent  depr^ 
sion  mentioned  by  Lieut.  G.  W.  Whipple,  the  officer  in  charge  of  the 
proving,  viz,  "about  0.15  of  an  inch  deep,  1  inch  wide,  and  crosses  tvo 
lands  and  grooves."  It  may  now  be  seen,  also,  that  a  slight  depressioD 
completely  encircles  the  bore  at  the  same  place. 
Very  respectfully,  j-our  obedient  servant, 

R.  BIRNIE,  Jr., 
Lieutenant  of  Ordnance, 


Beport  of  iphpcetion  oj  coiled  tcrought-iron  tube  No.  68.  breech  insertion,  mantij 
the  West  Point  Foundry,  for  S-inch  muzzle-loading  rtjie  converted  from  lO-h 


ufaetwei  at 

lO-inek  mmtk- 

bore  Hodman  gun,  under  contract  ivith  the  Chief  of  Ordnancej  U,  8.  Army,  dated  JumeU, 

lb83. 


Subject  of  nieaBurenieut. 


Dimensions. 

ActnaL 


Variations. 


Pre- 
Acribed 


Total  length  of  tube 


Total  length  of  inner  tube  and  Jackrt. 
Projectiun  of  breech-plug  in  rear  of 

tube. 

Length  of  bore  of  tube 

Length  of  neck  of  tube   

Length  of  chase  of  tube   

Length  of  first  reinforce  of  tube 

Length  of  second  reinforce  of  tube  . . . 
Length  of  third  reinforce  of  tube 
Length  of  fourth  reinforce  of  tube. . . 

Diameter  of  bure  of  tube  —     

Diamet«'r  of  neck  of  tube 

Diameter  of  chase  of  tube 

Diameter  i  f  first  reinforce  of  tube 

Diameter  of  second  reinforce  of  tube.. 
Diameter  of  third  reinforce  of  tube. .. 
Diameter  of  fourth  reinforce  of  tube . . 

Length  of  muzzle-collar 

Diameter  of  muzzle-collar: 

I  n  terior 

Exterior 

Play  between  muzzle-collar  and  neck 

o^  tube 

Incisions  in  muzzle-collar : 

Depth 

Width 


Inches. 
147. 66 

140. 41 


0.01 

0.875 
2.0 


Allowed. 


ActnaL 


7.25 

120.25 

8.0      , 

7L27    1 

8.73 

36. 01 

7.0 

16.5 

8.0 

9.75 

10.8      1 

IL6      ' 

13.6 

14.8 

15.6 

7.0 

0.76 

n.85 

Jnehet. 


7.15 


Inches. 


±0.05 


Inches, 


-0.1 


8.0 
0.748 


f 


j:0.03 

±O.QZ 


0 
-0.002 


0.758  I     ±0.03 


0.01 


-0.002 


Total  length  of  jacket i      60.41    I |    -►O.Ol 


Three  indice  su^u 
left  at  mnzde. 


Left  for  threaii. 
Not  rifled. 


\ 


Kcmgb  tomed. 


) 


Bough  toraed. 
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Ropcri  ofin$peeticH  of  coiled  wroyght-iron  tube  No,  68,  ^c— Continued. 


SabJ«et  of  measaremexkt. 


DlmenBioDs. 


Variations. 


Pre- 


scribed.  '  -^c*o*l-  i  AUowed.  i  Actual. 


Bemarks. 


Lf^Dgth  of  laoket  in  rear  of  inner  tube. 

LrDiCth  of  Jacket  over  inner  tnbe 

Inu  rior  diameter  of  Jacket  over  inner 

tobe 

Exterior  diameter  of  tube  under  Jacket. 

CorreapondinK  alirinkage 

Total  leofftb  of  inner  tube 

lUdina  of  earre  at  bottom  of  bore  of 

jacket 

Kadiua  of  curve  at  bottom  of  tube  — 
Lenjeth  of  dowels  (two)  for  securing 

tube  to  Jacket 

Diameter  of  dowels  for  securing  tube 

to  jacket 

Thicknetw  of  wronght-iron  cup  at  bot- 
tom of  tube   

Total  \engtb  of  cnp 

Diameters  at  interior  of  cnp : 

Top       

Bottom 

Diameter  of  oup  over  threads 

Pitch  of  thread  on  cup   

Total  length  of  oaat-iron  breech-plng. 
Length  of  breech*plng  within  Jacaet.. 

Length  of  thread  on  breeoh-ping 

Diameter  of  hreech-plng  over  threads. 

Piti'h  of  thread  on  breech-plug 

Diameter  of  shoulder  on  breech  ping. . 
Thickness     of    shoulder,    including 

curved  portion 

Length  of^  square  at  base  of  plug 

Side  of  square  at  base  of  plug 

Length  ox  seouring-pin  through  shoul- 
der OB  plug 

Diameter    of    seourlng-pin   through 
Hhoolderon  plug 


Inchtt.   I 

17. 41     I 
48.0      ' 

10.6      I 

10.903  • 

0.003  I 

123.0 

L20 
L25 

2.0 

0.75 

2,76 
5.5 

7.0 
4.6 

7.8 


17.51 
42.9 

10.408 

10  501 

0.003 


InchtB. 
±0.06 
±0.05 


Inehu.   I 

-fO.  1      I 
-0.1      I 


}*•••»{■  :1^- 


002 
002 


1.20 
1.25 

2.0 

0.75 

2.75 
5.05 

7.0 
4.6 
7.8 


I  ±0.01 


8  to  the  inch. 


24.66 

24.66 

17.41 

17.51 

1&41 

16.61 

7.0 

7.0 

0.25 

0.25 

0.76 

9.75 

.L26 
6.0 
5.0 

4.26 

1.0 


1.15 

6.0 

5.0 


4.26 
1.0 


±0.05 
±0.05 

±0.01 

i:0.01    , The  omissions  in 

±0.01     1  '•Actual  dlmen- 

8  to  the  inch.        I  siona  "  arise  from  the 

-^0.01    j ..  ;  fact  that  the  tube  was 

±0. 05        +0. 1      I  finished  and  inserted 

-f0.1      '  in  the  casing  at  this 

iO.  01    I I  foundry    (authority, 

! Chief  of  Ordnance, 

■ I  U.  8.  Army,  per  in 

dorsement  dated  Au- 
gust 0.  1884).  The 
finished  dimensions 
appear  on  Inspection 
report  of  gun  xTo.  68, 
herewith. 


-0.1 


PHYSICAL  PROPERTIES. 


Specimens. 


Mean  of  2  3-tnoh  speoi-  0. 2538  <7. 6637 
I     mens. 

,  Mean  of  2  3-inch  speoi-  Ol2S56  ^ 

I     mens. 

1  Mean  of  2  S-ineb  speoi-  0.2552  | 

I     mena.  i 

Onespeeimen...: 7.2250 


•Z'%i 

6^5 

S  M  e. 

O  «  d    • 

SP,M 

Remarks. 


0.284  '  Phoenix  bar-iron,  2^  inches 
,      square,  for  inner  tube. 

0.305  '  Ulster  "B*'  iron,  2\  inches 
I      square,  for  Jaoket . 

a  297  Ulster  '*  B  "  iron.  4  x  3^  x  8g 
j      inches  for  Jacket. 

Cast-iron  for  breech-plug.       | 


Grxsral  RBMABK8.— HTdraulio  teat  of  tnbe :  Presanre  of  120  pounds  applied  to  inner  tube  when 
finished  readv  for  assemblage  with  Jacket  This  tnbe  was  made  to  replace  original  tube  No.  68,  com- 
pleted April  7,  1884,  wbioh  fldled  under  firing  proof  at  United  States  Proving  Ground,  Sandy  Hook, 
y.  J.  Tne  Jacket  of  the  old  tube,  as  fitted  to  the  gun  caaing  at  the  South  Boston  Iron  Works,  wss 
taken  off  the  old  tnbe  without  li^ury  and  used  agtdn  for  this  tnbe.  The  inner  tnbe  and  breeeh-onp, 
th«  cast-iron  breech-plug,  and  the  mussle- collar  are  new.  The  new  inner  tube  was  made  frnm  Phoenuc 
bar-iron ;  the  physical  qualities  of  this  iron,  together  with  those  of  the  Ulster  bar-iron  used  in  making 
the  original  Jacket,  are  given  above.  In  shrinking'the  Jacket  upon  the  tube,  the  latter  was  not  firmly 
Msted  at  bottom— a  space  of  0.1  of  an  inch  being  left  open.  By  authority  of  the  Chief  of  Ordnance. 
U.S.  Army,  dated  May  27,  1885,  the  contractors  were  allowed  to  calk  this  space  with  neatlr  fitted 
Mgmenta  of  a  thin  wrought-iron  plate,  the  final  acceptance  of  the  tube  by  the  United  Stat43s  in  such 
condition  to  he  determined  bv  the  action  of  the  gun  under  the  firing  proof. 

Destination  of  tube :  Finished  and  inserted  in  easing  at  West  Point  Foundry. 

I  certify  that  the  foregoing  report  is  correct,  and  that  the  8-inch  coiled  wrought-iron  tnbe  therein 
necifled'has  been  accepted  by  me  as  conforming  to  the  standarda  as  to  dimenaions,  quality  of  mate- 
ria], and  character  of  workmanship  prescribed  oy  the  Ordnance  Department 
Date  of  inspection,  June  8, 1885. 

R.  BIRNIE,  Jr., 
LieuUnant  of  Ordnanct^  Itupector. 
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Beoord  of  mectaarements  with  star-gauge  and  calipers  of  Qinck  mvazU-loadimg  eomtrrUi 

rifle  No.  68  hreech  insertion. 


• 

Diameter  of  bore 

'S 

i 

m 

9 

Diameter  of  bore 

^ 

i 

I 
P 

of  cftsing. 

% 

of  casing. 

1 

I 

a 
a 

9 

s 

Inches. 

h 

'   a 

1  i 

e 
3  e 

1 

1 

i 
» 

• 

1 

OP. 

1^ 

Q 
■      P 

1 

o 

n 

• 

1 

> 

fa- 

1 

M 

s 

■ 

Inch. 

Inches. 

Inches. 

Inches. 

Inch. 

Inches. 

Inches. 

In^i£S. 

InHm. 

1 
2 
8 
4 
5 
6 
7 

9.746 
9.746 
9.748 
9.750 
9.752 
10. 4875 
10. 487 

8.000 

8.000 

8.0005 

8.0005 

8.0005 

8.0005 

8.0005 

62 
63 
64 
65 
.      66 
!      67 
68 

10.500 
10.500 
10.499 
10.500 
10.499 
10.499 
10.499 

10.500 
10.500 
10.500 
10.500 
10.500 
10.500 
10.500 

10.487 

ia4875 

10.488 

10.488 

10.4885 

10.488 

10.4875 

8.w.>; 

aemi 

%.9in 



aob)' 

""i6.5oi 

'"'io.*5oi 

aoi^i 

8 

10.501 

10.501 

10.f87 

&0005 

60 

11.495 

1L496 

1L4805 

aw 

9 

10.501 

10.  501 

10.4885 

8.0005 

70 

11.499 

11.408 

11.4865 

&oja< 

10 

10.  501 

10.501 

10. 4885 

8.000 

1      71 

11.500 

11.408 

1L4875 

aooo 

11 

10. 501 

10.501 

10.  4H8 

8.000 

72 

11.501 

11.400 

11.487 

aoMi 

12 

10.501 

10.501 

10. 487 

8.000 

73 

11.502 

11.500 

11.4885 

am 

13 

10.501 

10.501 

10. 4H6 

6.000    ' 

71 

11.502 

1L500 

1L4875 

aviil 

14 

10.500 

10.501 

10. 4855 

8.000 

75 

11.502 

11.501 

11.4879 

aoM' 

15 

10.501 

10.  501 

10.4855 

8.000 

76 

11.502 

11.501 

1L487 

aooo 

16 

10  501 

10.501 

10. 4805 

8.000 

77 

a<M . 

Aw 

17 

10.  501 

10.501 

10.  4865 

8.000     - 

78 

aooo| 

18 
19 
20 

10.500 
10  500 

10.501 

10.4855 

8.000 

79 

aooo 

10  501 

10. 485 

8.  000 

80 

13.4895 

aooo 

10.500 

10.500 

10.486 

8.000 

'      81 

"is* 508' 

13.508 

13.4005 

KiMi 

21 

10.501 

10.500 

10. 486 

8.000 

82 

13.508 

13.508 

13.5005 

aooo 

22 

10.500 

10.  501 

10. 487 

8.000 

m 

13.508 

13.508 

13.6015 

80» 

23 

•    10.500 

10.600 

10.487 

8.000 

•      84 

13.500 

13.508 

1X508 

aoeu 

24 

10.500 

10.  501 

10. 4875 

8.000 

■      85 

13.509 

13.508 

13.604 

aooo; 

25 

10.501 

10.501 

10. 4875 

8.000 

86 

ia509 

13.508 

13.504 

aooo 

26 

10.  501 

10.  500 

10.  487 

8.000    • 

87 

13.509 

13.508 

13.5045 

aooo 

27 

10. 5U1 

10.500 

10.487 

&000 

1      88 

13.509 

U.608 

13  5045 

aouo 

28 

10.500 

10.500 

10.487 

8.000 

89 

13.509 

13.509 

13.5045 

aooo 

29 

10.500 

10.500 

10.  4865 

8.000 

90 

13. 510 

12.500 

13.5045 

aooo 

80 

10.500 

10.500 

10.  4865 

8.000     , 

91 

13.  510 

13.509 

18.504 

aoK»| 

3] 

10.500 

10.500 

10. 48U5 

•8.000 

!      92 

13. 510 

13.500 

lasoas 

aoeo' 

32 

10.500 

10.500 

10. 4865 

8.000 

93 

ia5io 

lasoo 

13. 50.^5 

aoooi 

33 

10.500 

10.500 

10. 4865 

8.000 

94 

13.  510 

13.500 

13.5035 

aooo' 

34 

10.  6iH) 

10.500 

10.486 

8.000 

1      95 

13.  510 

lasio 

13.5035 

aov*}' 

85 

10.500 

10.500 

10.  486 

8.000 

96 

13.  510 

13. 510 

13.5035 

ao»), 

36 

10.  500 

10.500 

10.  486 

8.  OOO 

97 

13.  510 

13.  610 

13.5035 

at»o' 

37 

10.500 

10.  500 

10. 4865 

8.000 

1      98 

13.509 

13.500 

13.504 

aoe^j, 

38 

10.  500 

10.  500 

10.486 

a  000 

99 

13.500 

13. 510 

13.5045 

aopul 

39 

10.500 

10.  5(H) 

10.4855 

8.000 

100 

13.  510 

13.510 

13.5045 

aood 

40 

10.500 

10.500 

10.4855 

8.000     , 

101 

13.  510 

ia5oo 

13.5055 

1     aooo 

41 

10.500 

10.500 

10.  487 

8.000    ! 

102 

13.  510 

13.500 

13.5075 

'     aoau 

42 

10.500 

10.500 

10.  4875 

8. 000     • 

103 

13. 512 

13.  .510 

13.508 

aooo. 

43 

10.500 

10.500 

10. 4865 

^    a  000 

104 

13. 512 

13.  510 

13.5085 

aooo 

44 

10.500 

10.500 

10.4865 

a  000   1 

105 

13. 512 

ia510 

13.5075 

aooo 

45 

10.500 

10.500 

10.4865 

a  000  1 

106 

13. 512 

13.500 

13.607 

aooo 

46 

10.500 

10.500 

10. 4865 

a  000 

107 

13.  513 

13.500 

ia507 

aoou' 

47 

10.  500 

10.  500 

10. 486 

a  000  ! 

106 

13.  513 

lasoo 

13.506 

aooo' 

48 

10.  500 

10.500 

10. 4875 

a  000 

109 

13. 512 

13.500 

ia5U55 

aooo 

49 

10.500 

10.500 

10.4875 

aooo 

110 

13.  512 

13  500 

13.506 

aooo*, 

50 

10.  500 

10.500 

,     10. 487 

a  000 

HI 

13. 512 

13.508 

13.505 

aooo, 

51 

10.500 

10.500 

10. 4865 

aooo   ■ 

112 

13.  511 

13.508 

18.5066 

aooo' 

52 

10.  500 

10.500 

10. 4865 

aooo 

113 

18.613 

13.513 

I3w504 

aooo 

53 
54 
55 
50 
57 

10.500 
10.500 
10.500 
10.500 
10. 500 

10  500 

10  4865 

8.000 

114 

aooo 

10.500 
10.500 
10.  500 
10. 500 

10.480 
10.4865 
'     10.4865 
10. 487 

8  000     . 

116 
116 
117 
118 

14608 

*  14.' 808 

14.6025 

8  000 

14.698 

14. 698 

14.0025 

aooo   1 
aooo  i 

14.608 

14.698 

14.693 

14.698 

14.608 

14.603 

58 
59 
60 
61 

10.500 
10. 500 
10.500 
10.500 

10.500 
10.500 
10.500 
10.500 

10.4865 
10.4865 
10.4865 
10. 4865 

1 

8  000     1 

119 
•     120 

14  608 

14.098 

14.008 

%7>   VW 

aooo 

ATI.   WK7 

14  698 

14.608 

14.004 

8  000 

121 

14  698 

14  698 

14.683 

\'....'..ji 

aooo  , 

! 

122 

14.608 

14.696 

jk««  ^Fw^F 

J 
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Heoord  of  meaeurenhenU  mtk  8tar-gauge  and  calipers ,  4'c. — Continued. 


a 

''^  S 

1  a 

^  9 

hi 

e 

1        M     K 

o  S 

5s 

«  O  9 

III 

1  -ga 

P 

P 

Inches. 

■ 

Inch, 

p 

Inch. 

JneA«>. 

4 

8.184 

84 

&153 

14 

a  182 

74 

a  150 

a4 

8.181 

84 

a  149 

34 

8.159 

94 

a  147  , 

44 

8.158 

104 

a  158  1 

54 

a  154 

^peoimen  of  Phoenix  bar  iron^  marked  P  H  l^  taken  mtk  the  fiber  from  lot  of'ii'inoh  equare 

barsn  received  January  6,  1885,  at  West  Paint  Foundry. 

[LiogUi  of  ipecimen  between  shoulders:  Original,  8.00  inobes ;  after  mptare,  3.811  inches.    Diameter 
of  specimen :  Original,  0.568  inch ;  aner  mptare,  0.440,  0.445  incn ;  mean,  0.4425  inch.] 


Weight 


Measarements. 


applied. 

Under 
stress. 

Relieveil  1 

from     ! 

stress.    . 

1 

Pounds. 

Ineh. 

1 

Inch. 

25a4 

.252 

.252 

608.8 

.252 

.252 

780.2 

.252 

.252 

1,  oia  8 

.252 

.252 

1,287.0 

.252 

.252 

1,520.4 

.252 

.252 

1,773.8 

.863 

.252 

2,027.2 

.252 

.252 

2.280.8 

.252 

.252 

2,584.0 

.252 

.252 

2,787.4 

.252 

.252 

8,040.8 

.252 

.252 

3.284.2 

.252 

.252 

8, 647. 8 

.268 

.252 

8, 801. 0 

.253 

.252 

4,054.4  ! 

.253 

.252 

4, 807. 8  1 

.268 

.252 

4,581.2 

.253 

.252  ; 

4.814.8 

.258 

.252 

5,08a0 

.253 

.252 

6,321.4 

.253 

.252 

5,574.8 

.258 

.252 

6,82a2  , 

.253 

.262 

8»081.8  1 

.254 

.252 

8,385.0 

.258 

.254   ' 

1 

Weight 
applied. 


Pounds. 
6,588.4 
8,841.8 
7,006.2 
7, 34a  8 
7, 802. 0 
7,855.4 

aioas 

8,882.2 
a  816. 8 
8,869.0 
0.122.4 
9. 375. 8 
9.629.2 
9.882.6 

10,  isa  0 

10. 889. 4 
10. 842. 8 
10, 898. 2 
11,149.6 
11, 408. 0 
11,656.4 
11, 909. 8 
12, 163. 2 
12,600 


Measurements. 


Under 
stress. 


Inch. 
.259 
.285 
.270 


Relieved 

from 

stress. 


Ineh. 
.258 
.282 
.287 


•L078 


*  Specimen  broke. 

Pmsars  appUed  for  test  of  hardness pounds..    10,000 

Cotretponolng length  of  cot inch..  .70S 


Rkmarxs.— It  was  impossible  to  get  half  specimens  accurately  together,  so  an  allowance  was  made 
of  0.01  inch.    Cnt  from  the  end  of  one  of  eight  bars  submitted  by  Paulding,  Kemble  &  Co.,  and  intended 
for  the  fabrication  of  an  inner  tube,  contract  of  Jane  12, 1883,  for  fifty  ainch  coiled  wrought-lion  tabes, 
breech  insertion. 
Tested  at  United  States  Proving  Ground,  Sandy  Hook,  N.  J.,  January  14, 1886. 
Tested  by— 

WM.  M.  MEDCALFB, 
LimUenant  ^  Ordnanos. 

4626  OBD 28 
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WeifEtit  per 

squAre  inch 

of  orlgioAl 

are». 


PowuU. 

1.000 

«     *     * 

14,000 
15,000 
18,000 
17,000 
18,000 
19,000 
20,000 
21,000 
22.000 
23.000 
24,000 
25.000 
26,000 
27.000 

28,000 

*      *      • 

40.300 


Table  of  deduced  rt»Htta. 


WT  Inch       Jj^iwXu   I   P«'  *och   ,  ^r}^7t:J^ 

I  I 


Inch. 


.0003i 
.0003] 


.00081 
.OOOS 
.00031 
.0003] 


Pemuk- 
nentaet 


SoecMMiTe 


pw  iseh      ^.St 


in«A. 


.0003i 

0 

0 

0 

0 

0 

0 

0 

0 

0 
.0003i 
.00061 
.001 
.002 
.UOlOf 


Inch, 


.0003 


Inch. 


.0003* 
.0003  i 
.0003 
.  0003  I 
.0003 
.0003 
.0003 
.00061 

.ouo«f 

.001 
.001 
.001      I 


.OOOSi 

0 

0 

0 

0 

0 

0 

0 

0 

0 
.0003i  j 

0 
.00031 

0 

0 


Inch. 


Jiuk. 


eooet 

.002 

.oei6| 


.2736} 


.26761 


Speotflo  gravity. 
Hard 


[ardneM 


GENERAL  SUMMARY. 


Elaatlo  limit poonds. 

Ezteotion  per  inch  at  elaBtic  limit inch. 

Ultimate  resistance  per  Bquare  inch  of  original  area poonda. 

Ultimate  extension  per  inch inch. 

Ratio  of  eUuitic  to  nlti  mate  resistance 

Originfj  area  of  crosa*sectlon square  indi. 

Contraction  in  area  at  fracture percent. 

Ultimate  resistance  per  square  inch  of  fhustiousl  area pounds. 


7.  an 

21.  ON 

iOOMI 

12534 
81  »* 


Speoimen  of  Phcenix  bar  iron,  marked  PH  2.  taken  with  the  fiber  from  lot  of  2f-iarA  »qwf 

barSf  received  January  6,  1885,  at  West  Point  FaunOry. 

[Length  of  specimen  between  shoulders :  Original,  3.00  inches ;  after  mptore,  8.894  inches.    DisBet«r 

of  specimen :  Original,  0.560  inch ;  after  rapture,  0.440  inch.] 


Weigh  I 
applied. 


Poundt. 

508.6 
762.0 
1,  017.  2 
1, 27L  5 
1. 525. 8 
1, 780. 1 
2,0.34.4 
2,288.7 
2,643.0 
2,797.3 
3.05L6 
3,305.0 
3.560.2 
3. 814.  5 
4.068.8 
4. 323. 1 
4, 577. 4 
4,83L7 
5,08&0 
5. 340. 3 
5, 504. 6 
2,848.0 
6. 103.  2 
6, 357.  5 


Measurements. 


Under 
stress. 


fneh. 

.276 

.276 

.276 

.276 

.276 

.277 

.277 

.277 

.277 

.277 

.277 

.277 

.277 

.278 

.278 

.278 

.278 

.278 

.278 

.279 

.279 

.279 

.270 

.2795 

.280 


Rdieved 

from 

stress. 

Inch. 
.276 
.276 
.276 
.276 
.276 
.276 
.276 
.276 
.276 
.276 
.276 
.276 
.276 
.276 
.276 
.276 
.276 
.276 
.276 
.276 
.276 
.276 
.276 
.276 
.277 


Weight 
applied. 


Pounds. 
6,6]L8 
6,866.1 
7.120.4 
7, 374. 7 
7.620.0 
7.888.8 

8. 137. 6 
8.39L9 
8.646.2 
8.900.6 
0.154.8 
9,409.1 
9.663.4 

9. 917. 7 

10. 172. 0 
10,426.3 
10, 680. 6 
10,034.9 
11,189.2 
11, 443. 5 
11, 697. 8 

11. 952. 1 
12,206.4 
12,460.7 
12,600 


Measurements. 


I 


Under  j 
stress.  I 


Inch, 
.284 
.289 
.296 


RelioTed 

from 

stress. 

Inch. 
.280 
.286 
.291 


f 

I 

.. •••••.!. ......... 

I 

I 


•1. 170 


*  Specimen  broke. 
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applied  fortestof  bftrdneM. ponnda..  10,000 

Ccrratpottdfiig  length  of  cat inch..  .695 

RuiARxa.^Cut  from  the  end  of  one  of  eight  ban  eabmitted  by  Pauldlnr,  Eemble  Sl  Co.,  and  in- 
tended for  Uie  fkbrioation  of  an  inner  tube,  contract  of  Jane  12, 1888,  for  fifty  8-inoh  coiled  wroaght- 
iron  tnbee.  breech  ineertion. 

Teeti^  at  United  cStatee  Proving  Oroand,  Sandy  Hook,  K.  J.,  January  14, 1886. 

TeetMl  by— 

WM.  H.  MEDCALFE. 
LimnUnafU  qjT  Ordnamte, 
Table  of  deduced  results. 


Weiieht  per 

■qnare  foch 

of  orijiinal 

area. 


FoundM. 

],U00 

*  *    • 

6,000 
7,000 
8.000 
0.000 
10.000 
11.000 
12.000 
18.000 
li,000 
15.000 
16,000 
17,000 
18,000 
10,000 
20.000 
21,000 
22,000 
28,000 
24.000 
25.000 
28,000 
27.000 

28,000 

•  •  • 

48.550 


Extension 
per  inch 


SucceMive 
extension 
per  inch 


'»'»«*•  irLis. 


Inch. 


.OOOSi 

.00032 

.0003} 

.0003^ 

.0003 

.0003 

.0003 

.0003 

.00061 

.00061 

.00061 

.00061 


itidb. 


Restoration 

per  inch 

in  length. 


Inch. 


Snccessive ' 

restoration 

per  inch 

in  length. 


Perma' 

nent  set 

per  inch 

in  length. 


Ineh. 


.0003#  I 

.000 

.0uO3 

.0003 

.00061 

.00061 

.00061 


.00061 

.001 

.001 

.001 

.001 

.00111 

.001 

.0013i  I 

.001 

.00181 


.0003i 

0 

0 

0 

0 

0 

0 

0 
.00081 

0 

0 

0 

0 

0 
.00031 

0 

0 

0 

.OOOlf 

—.0001 

.0008 

—.0003 

.0008 


Inch, 


Socceasive 

perma- 

nent  set 

per  inch 

in  length. 


Inch, 


.00031  , 
.00134 
.0033{ 
.005 


.0003^ 
.001 
.002 
.0016} 


GENERAL  SUMMARY. 

Spedfle  gravHy 7.6456 

Htidness 0.08 

Bastlolfanit pounds..  24,000 

JbtensioD  per  inch  at  elastic  limit inch..  0.00116 

mUmate  resistance  per  sqaare  Inch  of  original  area pounds..  40,550 

Ultimate  extension  per  inch inch..  0.208 

Satlo  of  elastic  to  nitiniate  resistance 3.06 

Original  area  of  cross-section sqaare  inch..  0.2548 

Contraction  in  area  at  fhicture percent..  40.2 

Ultimate  resistance  per  sqaare  inch  of  fhMturedarea pounds..  82,865 


Appendix  4  3. 


BEPOBT  OF  THE  ROLLING  AND  DHAfVlNG  INTO  WIRE  OF  TWENTY  SE- 
LECTED  STEEL  BILLETS  AT  TBE  TRENTON  IRON  WORKS,  TRENTOS, 
N.J. 

Bt  Libut.  Wm.  M.  Mbdcajlfb,  Ordnanck  Dbpartmbnt. 

In  obedience  to  instructions  from  the  Chief  of  Ordnance,  the  billets 
of  two  ingots,  Nos.  75  and  48,  were  set  aside  co  be  rolled  separately,  in 
order  to  specially  observe  their  manufacture,  and  ascertain,  if  possible, 
the  cause  of  breaks  occurring  in  the  process  of  drawing,  and  such  other 
accurate  information  as  might  prove  valuable  in  future  operations  of 
the  same  nature. 

The  billets  were  of  open-hearth  steel  and  showed  the  following  phys- 
ical properties  when  tested  at  the  Otis  Works,  Cleveland,  Ohio: 


IMGOT  No.  75. 

Longitudinal  specimen 
Transverse  specimen    . 

IMOOT  No.  48. 

Firti  Utt 

Longitudinal  specimen 
TransTerae  specimen  . . 

Second  UtL 

Longitudinal  specimen 
Transverse  specimen . . 

Third  tetL 

Longitudinal  specimen 
Transverse  specimen . . 


^■i 

a 

Sll 

^i 

^S 

a  d 

o  o 

^? 

s 

Pounds, 

Per  a. 

75, 360 

60.41 

71, 830 

26.85 

78, 770 
74,860 


79,050 
76,480 


77,400 
72, 710 


48.72 
1&57 


a 
o 

• 

a 
_  o 
«"& 
E  « 


Peret 
83.7 
1&88 


80.45 
13.5 


54.46 
19.41 

80.05 
19.88 

52.04 
2L48 

81.75 
12.67 

Bemarks. 


I  Specimen  taken  from  bottom  endof  toplnQel 


)  Specimen  taken  from  top  of  top  bOlet  aad 
5     the  top  billet  r^ected  after  thu  test. 


I  Additional  test  made  of  billet  takes  at 
)     dom  from  thoee  of  the  ingots 


{Additional  test  made  of  speoimeD  takes 
>    from  bottom  end  of  top  billet. 


The  eleven  billets  of  ingot  No.  75  were  taken  to  represent  the  best 
steel  furnished  under  the  contract  with  the  Otis  Iron  and  Steel  Com- 
pany, and  the  nine  billets  of  ingot  No.  48  to  represent  the  worst. 

The  conversion  of  these  billets  into  wire  was  begun  May  23,  and  com- 
pleted June  13.  The  process  was  watched  by  the  inspector  as  far  as  ta 
include  the  first  draught,  and  thereafter  by  Mr.  Frank  E.  Davis,  from 
whose  notes  this  report  is  largely  compiled. 

The  billets  were  weighed  before  being  placed  in  the  heating  ftimaoe. 
They  were  withdrawn  when  they  had  acquired  a  full  yellow  heat,  some 
being  nearly  white.    The  time  of  remaining  in  furnace  varied  from 
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twenty-six  to  forty-three  minates,  twenty-six  minutes  being  required  to 
give  them  a  full  heat. 

As  they  were  taken  irom  the  furnace  they  were  immediately  trans- 
ferred to  the  rolls  and  reduced  to  ^-iuch  rods  in  nine  passes.  When  rolled 
the  billets  appeared  to  be  uniformly  heated,  and  on  leaving,  the  rolls 
showed,  except  in  the  first  billet  rolled,  when  a  slight  delay  occurred,  a 
bright  red  color.  The  time  of  passage  through  the  rolls  was  about  one 
and  one-fourth  minutes. 

While  still  hot  the  billets  were  tagged  with  numbers  and  weighed. 
To  more  accurately  determine  the  loss  due  to  heating  they  were  again 
weighed  cold.  The  loss  was  found  to  be  2.47  per  cent.,  which  is  much 
smaller  than  is  usually  expected  by  the  manufacturer.  This  was  prob- 
ably due  to  the  ii  ot  that  no  time  was  lost  in  removing  the  billets  from 
the  furnace  when  they  had  acquired  a  full  heat.* 

The  usual  loss  in  the  case  of  cast-steel  is  4.68  per  cent.,  and  instances 
on  i*ecord  in  the  company's  books  show  a  loss  of  6.9  per  cent. 

The  rods  were  tagged  with  numbers,  the  odd  numbers  from  1  to  17 
inclusive,  being  attached  to  those  of  ingot  48,  the  remaining  numbers 
up  to  20,  to  those  of  ingot  75.  The  tags  were  retained  throughout  all 
the  operations,  so  that  the  identity  of  each  coil  was  known  with  cer- 
tainty. 

When  cold  the  rods  were  pointed,  the  ends  being  heated  in  a  black- 
smith's fire,  and  hammered  down  to  a  tapered  point.  Whore  the  end 
was  defective  a  short  piece  was  cut  off,  which  necessitated  the  coils  be- 
in^  re  weighed  after  pointing. 

The  annealing  took  altogether  twenty-nine  hours,  seven  hours  for  the 
rods  to  acquire  a  full  heat  and  twenty -two  hours  for  Oi)oliug.  When 
the  rods  were  taken  out  the  annealer  was  hot  enough  to  blaze  a  piece 
of  wood.    Temperature  estimated  at  650^  F. 

The  temperature  of  annealing  was  determined  by  the  introduction  of 
beat  tests  prepared  by  Dr.  Woodbridge.  Tliey  consisted  of  alloys  of 
copi)er  and  tin,  inclosed  in  short  iron  tubes.  There  were  eight  of  these 
tests  used  ;  Nos.  1  and  5  were  composed  of  1  part  tin,  3  parts  copper ; 
No8.  2  and  6  of  1  part  tin  and  3^  parts  copper;  Kos.  3  and  7  of  1  part 
tin  and  4  x^arts  copper ;  Nos.  4  and  8  of  1  part  tin  and  5  parts  copper ; 
Nus.  1,  2,  3,  and  4  were  wired  to  the  coil  first  placed  in  the  aunealer^ 
and  Nos.  5,  6,  7,  and  8  to  the  last  or  top  coil. 

After  annealing  these  test  s  were  found  to  be  as  follows :  Nos.  1  and  2^ 
QDaltered  ;  No.  3,  slightly  flattened ;  Ko.  4,  unaltered ;  Nos.  5  and  6, 
considerably  flattened;  No.  7,  melted;  No.  8,  unaltered. 

These  results  would  show  that  the  hottest  portion  of  the  annealer  is 
near  the  top.  Why  the  more  fusible  alloys,  Nos.  1,  2,  5  and  6,  were  the 
least  affected  is  unexplained,  unless  the  tests  were  placed  in  the  wrong 
boxes.  The  temperature  required  to  melt  No.  7,  assuming  that  it  was 
correctly  placed  in  its  box,  would  be  about  1,800^  F.,  which  represents 
the  maximum  temperature  attained  in  the  hottest  portion  of  the  an- 
nealer.t 


*  Probably  the  most  important  circumstances  connected  with  the  small  loss  of 
weiffht  in  beating  and  rolline  the  billets  into  wire-rods  are  these : 

Tne  furnace,  which  has  just  been  in  use  for  heating  iron  billetSi  was  at  a  higher 
heat  than  was  required  for  steel,  and  therefore  did  not  require  much  additional 
firing.    Fuel  was,  however,  abundantly  supplied,  but  the  blast  was  not  urged. 

These  were  circumstances  very  favorable  to  diminishing  the  oxidizing  tendency  of 
the  furnace  gases.— (W.  C.  Woodbridge), 

t  Subsequent  trial  of  the  order  of  tusibility  of  the  specimens  of  the  alloys  used  as 
heat  tests  in  the  annealing  showed  that  they  had  been  wrongly  numbered.  Using  the 
nnmbers  applied,  they  fused  in  the  following  order :  No.  3,  No.  2.  No.  1,  No.  4. — (W.  C. 
Woodbridge.) 
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Tbe  pickling  bath,  newly  prepared  for  these  coils,  contained  102 
pounds  of  oil  of  vitriol  and  3,131  pounds  of  water,  or  the  proportion  of 
1  part  oil  of  vitriol  to  30.69  parts  water.  Its  temperature  was  estimate*! 
to  be  about  lOQo  F. 

Wires  Nos.  1, 2,  3,  4,  6,  6,  8,  9, 11, 12,  16, 16, 17,  19,  and  20,  were  im 
mersed  39  minutes;  7, 10,  13, 14,  and  18,  49.5  minutes.     As  soon  as  re- 
moved from  this  bath  the  rods  were  washed  and  allowed  to  lie  wet  far 
a  sufficient  time,  say  20  minutes,  to  acquire  a  *'  water  coat."   They  were 
then  lime  coated  and  placed  in  the  baking-oven  to  dry. 

The  lime  coating  consisted  of  2  parts  rye  flour  lees  and  1  part  milk  of 
lime.  The  lees  being  prepared  by  stirring  2  or  3  pounds  of  rye  floor  in 
a  barrel  of  water. 

The  baking  lasted  over  night,  occupying  in  all  about  fifteen  hoars. 
The  oven  was  not  of  uniform  temperature  throughout.  A  piece  of  lead 
placed  on  one  of  the  coils  partially  melted,  which  shows  the  tempera- 
ture to  be  in  the  neighborhood  of  630°  P. 

The  coils  were  weighed  after  baking  and  the  loss  of  weight  In  tbe 
pickling  bath  determined.  It  varied  fi^m  0.2  of  a  pound  to  1.1  pounds* 
the  mean  loss  being  0.63  of  a  pound.  The  rods  were  now  ready  for  the 
draw-plate.  After  the  second  draught  a  coating  of  copper  was  applied 
to  improve  the  smoothness  of  the  surface.  For  this  purpose  they  were 
immersed  one  by  one  in  a  solution  of  sulphate  of  copper  with  a  small 
excess  of  sulphuric  acid,  and  lay  in  it  until  a  satisfactory  coating  of 
copper  was  obtained.  After  coating  the  coils  were  washed  by  playmg 
on  them  with  a  hose,  then  lime  coated  and  placed  over  tbe  aunealer  to 
dry. 

The  time  of  immersion  of  the  coils  in  the  copper  sulphate  bath  varies 
with  the  size  of  the  wire,  being  over  a  half  an  hour  after  the  second 
draught  and  only  five  or  six  minutes  after  the  ninth  draught. 

Tallow  was  used  as  a  lubricant  in  drawing.  The  following  point8 
were  carefVilly  noted  by  Mr.  Davis  during  the  drawing :  Time,  speed, 
and  angle  of  draught ;  diameter  of  coil  freely  expanded  when  taken 
from  drum  ;  dimensions  of  the  wire  after  each  draught;  taper  of  punch  ; 
observance  of  the  rule  of  reversing  wire  after  each  draught,  and  breaks 
or  other  unusual  occurrences.  His  notes  in  full  on  these  points  are  hereto 
appended. 

In  adjusting  the  draw-plate  the  workmen  give  the  plate  a  slightcant 
to  tbe  rear  to  introduce  a  bend  in  the  wire,  and,  as  they  say,  *'  kill  it,"' 
or  make  it  lie  flat. 

It  was  claimed  that  without  this  precaution  the  wire  would  become 
nnmtinageable  when  removed  from  the  drum.  At  the  request  of  Dr. 
Woodbridge  two  coils,  Nos.  17  and  18,  were  drawn  with  the  plate  ver- 
tical. No  such  trouble  as  was  anticipated  resulted,  the  diameter  of  the 
freely  expanded  coils  being  only  slightly  greater  than  in  the  case  of 
coils  drawn  in  the  usual  way.  If  the  physical  tests  to  be  made  at 
Watertown  Arsenal  of  specimens  taken  from  the  different  coils  show 
that  the  strength  or  elasticity  of  the  wire  is  at  all  impaired  by  this 
bend,  which,  as  suggested  by  Dr.  Woodbridge,  stretches  in  the  draw- 
plate  one  side  more  than  the  other,  I  see  no  good  reason  why  a  perfect 
parallelism  of  the  surface  of  the  plate  with  the  axis  of  the  drum  may 
not  be  insisted  upon  hereafter. 

Mr.  Davis's  record  of  the  breaks  occnrnug  during  the  drawing  are 
appended.  Most  of  them  consisted  merely  in  the  tapered  point  break- 
ing off.  Four,  however,  deserve  attention.  Coil  No.  9  broke  on  tie 
fourth  draught  after  drawing  7  feet.  It  was  cut  off,  as  the  plate  was 
gouging  it  badly  on  the  under  side.    Coil  No.  11  broke  on  the  foorth 
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draught,  after  the  first  third  had  been  drawn.    This  also  Mr.  Davis 
considers  was  due  to  gouging  of  the  draw-plate. 

Coil  No.  15  broke  on  the  eighth  draught  after  drawing  seventeen  coils. 
The  plate  was  found  to  be  gouging  the  under  side  of  the  wire.  Coil  No. 
7  broke  on  the  eighth  draught,  shortly  before  the  completion  of  the 
draught.  The  fracture  was  short  and  diamond  shaped.  The  remark 
that  ^'  the  plate  had  been  scraping  one  of  the  sides  at  the  corner  at 
which  the  fracture  started"  is  not  understood,  but  it  seems  to  imply 
that  In  the  opinion  of  Mr.  Davis  this  break,  as  in  the  case  of  the  others, 
wa«  due  to  the  imperfections  of  the  plate. 

All  these  breaks  appear,  then,  to  have  been  caused  by  the  draw-plate 
itself*  Undoubtedly  this  explains  the  breaking  of  the  wire  in  many 
iiiBtances,  although  the  nature  of  the  lubricant  has  certainly  had  a 
great  deal  to  do  with  it  in  the  past.  During  the  time  that  the  wet 
process  was  used,  and  especially  for  a  short  period  when  glucose  was 
employed,  the  breaks  were,  according  to  the  statement  of  the  workmen, 
mnch  more  frequent  than  at  present  with  the  use  of  tallow. 

It  is  also  to  be  remarked  that  all  these  breaks  occurred  in  coils  com- 
ing from  ingot  No.  48^  selected  as  inferior  to  No.  75,  and  possessing 
considerable  less  ductility  than  the  latter. 

It  was  intended  to  preserve  specimens  of  the  broken  wire  and  send' 
them  on  for  analysis.    During  my  absence  the  broken  pieces  were, 
however,  allowed  to  be  thrown  in  the  scrap  heap  and  their  identity  lost. 

A  si>ecimen,  4  feet  in  length,  was  taken  from  each  finished  coil, 
tagged  with  its  proper  number,  and  sent  to  Watertown  Arsenal  for 
physical  test. 

Heating  and  rolling. 


KoLof 

No.  of 

teffoL 

blUet. 

48 

1 

75 

2 

48 

3 

75 

4 

48 

5 

75 

6 

48 

7 

75 

8 

48 

9 

75 

10 

48 

11 

75 
48 
75 
48 
75 
48 
75 
75 
75 


12 
13 
14 
16 
16 
17 
18 
10 
20 


Time  in 
far- 
nace. 


26 
8U 
33 
35 
87 
38 
89 
40 
41 
43 
42 
40 
41 
42 
42 
40 
40 
41 
40 
38 


He*t  to  which 
billet  was  sub- 
jected. 


Fall  yellow 
...do 


^bitit. 


— do 
do 

Near 

— do 

....do       .... 

Fall  yellow. 

Near  white . 

FnllyHlow. 
. ...do  ....... 

do 

do   

Yellow  

Full  yellow. 

..  do 

. . .  do 

Near  white . 

Pull  yellow. 
. . ..do    


I  Time  of  pa» 
■age  through 
rolls. 


m.  «. 
1  75 
1  30 
1    20 


1    24 
1     15 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


12 

15 

10 

16; 

16  ' 

13 

18 

12 

10 

18 

10 

10 

12 

10 

13 


Heat  at  which 
rod  lett  roll. 


]l<>d  

BHxht  red 

. . .  .do 

...do 

Cherry     .. 
Brifcht  red 

do 

Cherry .     . 
Bright  red 

.  ...tlo 

Ch»»rrv 

BriiEht  red 
Cherry  .     . 

do 

Bright  red. 
. ...no  ...  . , 

. .  do , 

....do 

...do 

do   .... 


Weight 

before 

rolling. 


Pounds. 
80.0 
7a  2 
86. 1 
81.3 
80.7 
82.1 
70.2 
80.0 
80.1 
81.2 
80.0 
81.0 
81.0 
81.8 
70.8 
80.6 
70.5 
81.2 
80.8 
81.5 


Weight     Loss  of 
after    |  weight  in 
rolling.   I  heating. 


Pounds. 

Pounds. 

78.0 

8.0 

70.4 

L8 

78.0 

2.1 

7^8 

1.5 

7&8 

LO 

80.2 

1.0 

77.15 

a.  05 

77.6 

2.4 

77.0 

2.2 

70.05 

8.15 

77.0 

2.1 

70.1 

1.0 

78.0 

2.1 

8ao 

1.8 

77.0 

1.4 

70.0 

1.6 

77.2 

2.3 

70.1 

2.1 

7&5 

2.8 

70.8 

2.2 

Time  ooeapied  in  acquiring  full  heat,  twenty-six  minutes.  Billet,  when  rolled,  of  uniform  beat. 
Blaat  GO  most  of  time  fur  thirteen  ralaut«8.  First  billet  white  on  side  nearest  the  fire ;  end  generally 
white ;  black  in  places  between  billets,  where  thej'  lie  close  together. 
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L08B  of  weight  due  to  piokling. 


B 
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^ 
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Pound*. 

Poundt. 

Pound*.  , 

Poundi. 

Pounds. 

PoundM. 

1 

77.9 

77.6 

0.3  ' 

11 

77.4 

76.8 

0.6 

2 

7(1.1 

76.5 

&6 

12 

7&8 

7a  0 

0.8 

3 

77.6 

76.5 

1.1 

13 

7a  a 

7a  2 

ao 

4 

79.6 

78.6 

1.0 

14 

79.9 

7a  9 

LO 

6 

78.4 

77.9 

0.6 

15 

77.3 

77.0 

0.3 

6 

80.0 

79.8 

0.2 

16 

7a  9 

7a  6 

a9 

7 

76.8 

76.0 

0.8  I 

17 

77.1 

76.4 

0.7 

8 

7a  0 

77.4 

0.6 

1      18 

79.0 

7a  2 

0.8 

0 

77.7 

77.0 

0.7 

19 

7a  2 

7a  0 

0.2 

10 

78.9 

77.9 

1.0 

i      20 

1 
1 

7a  9 

7a  3 

0.6 

Time  and  speed  of  draught. 


First  dmoj^ht. 

St^cond  ( 

dranght. 

,  Third  draught. 

Foarth  draught. 

Fifth  dranght 

Speed 

' 

Speed 

Sp«'ed  ■ 

Speed 

Spcwi 

g 

Tlr 

lie. 

per 

Time. 

l)or 

Time. 

per 

Time. 

por 

Time. 

per    , 

0 

second. 

second 

second. 

necoud. 

•eoood.' 

- 
1 

m. 

a. 

Feet. 

m. 

a. 

Feet. 

w. 

». 

Feet, 

»». 

*. 

Feet. 

m. 

». 

FetL 

1 

9 

30 

0. 251 

9 

3 

0.259 

15 

21 

0.284 

17 

37 

0.292 

2 

11 

'  0 

6.394 

10 

25 

0.  245 

n 

32 

0. 274 

13 

51 

0.283 

17 

31  ' 

a  274 

3 

6 

0 

0.323 

12 

0 

0. 22G 

13 

4 

0.251 

14 

34 

0. 3<ri 

17 

27 

0.297 

4 

7 

0 

0.  362 

11 

45 

0.  '^38 

11 

53 

0.283 

15 

50 

0.  2.=« 

20 

40 

0.292 

6 

8 

30 

0.  269 

11 

D 

0.259 

11 

3 

0.274 

14 

20 

0.  302 

18 

28 

0.274 

6 

7 

45 

0.274 

12 

15 

0. 251 

13 

26 

0.2M 

16 

10 

0.  292 

21 

35 

0.302 

7 

7 

0 

0.  292 

9 

i:t 

0.  226 

12 

9 

0.244 

12 

51 

0.312 

17 

57 

0.274 

t    8 

9 

0 

0. 224 

12 

30 

0.226 

12 

53 

0. 259 

13* 

13 

0. 312 

19 

31 

0.286 

1    9 

8 

0 

0.  266 

10 

47 

0.251 

13 

11 

0  248 

12 

13 

0.  323 

18 

47 

0.302 

■  10 

8 

0 

0.251 

12 

30 

0.215 

11 

45 

0. 323 

16 

7 

0.271 

20 

12 

0.2^ 

,  11 

7 

30 

0.2«3 

10 

10 

0.2:J8 

13 

48 

0.2;J2 

11 

30 

0.302 

14 

46 

0.302 

12 

8 

0 

0.26C 

12 

3 

1    0.232 

12 

15 

0.  226 

15 

1 

0.274 

21 

40 

0.266 

13 

8 

45 

0.  23>i 

lU 

26 

0.238 

12 

2 

0.360 

16* 

21 

0.274 

18 

35 

0.283' 

14 

9 

30 

0.  245 

10 

20 

0.  274 

14 

9 

0.  259 

14 

10 

0. 302 

18 

37 

0.292 

1  15 

10 

0 

0.  245 

10 

31 

0.  210 

13* 

15 

0. 266 

14 

44 

0  312 

18 

46 

0.»3 

16 

8 

45 

0.  232 

12 

26 

0.  219 

13 

35 

0.235 

14 

46 

0.312 

16 

59 

aS23 

17 

7 

45 

0.266 

10 

25 

0.  24  :> 

13 

12 

0.  259 

14 

29 

0.  302 

20 

24 

0.266 

18 

8 

80 

■ 

10 

0 

0.  259 

13 

36 

0.248 

14 

58 

0.292 

20 

27 

a2S3 

19 

7 

30 

0.  238 

8 

50 

0.  238 

12 

12 

0.  259 

13 

26 

0.302 

15 

41 

0.*»} 

20 

8 

0 

0.22U 

10 

42 

0.259 

12 

59 

0. 2.'>9 

14 

1 

0.312 

20 

47 

0.238 

1 
1 

The  times  of  draught  for  the  first  hole  are  uncorrected  for  stoppage,  which  amotmts  to  ooe-half  tosw 
minute. 

The  speed  of  draught  was  not  always  uniform  throughout  the  draught  of  a  single  wire.  The  iim 
given  was  taken  after  a  few  coils  were  on  the  dram,  b>  noting  the  time  of  a  single  roToIntion.  DttM 
eter  of  drum,  34|  inches. 
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Time  and  tpeed  of  draught — Continued. 


Sixth  drragbt.  8ey«ith  draught.  Eighth  draught. 


a 

0 


1 

2 
3 

4 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 

15 

18 

17 

18 

10 

20 


Time. 


i, 

21 


Speed  I 

per    '  Time, 
■econd. 


Fttt  I  tn.    t. 

0.271  !  10    50 
0.202  I  21      8 


2S  18 

25  0 
24  17 
24  48 
22  40 
21  51 
27  15 
10  28 
24  40 

26  51 
20  1 
20  55 
24  45  I 


24 

17 

24 

7 

23 

38 

1  28 

2 

0.302 
0.274 
0.302 
0.266 
0.202 

"0.'288 
a292 
0.202 
0.266 
0.283 
0.283 
0.203 
0.292 

0.302 
0.302 


20  27 

22  15 
16  55 
20  88 
20  IS 
20  40 

23  12 

24  16 
32  0 
26  21 
22  1 
80  1 
30  30 


21  46 
21  58 
80    24 


Speed 

per 
second. 


FmL 

0.431 
0.453 
0.250 
0.302 
0.481 
0.431 
0.453 
0.292 
0.431 
0.802 
0.302 
0.266 
0.312 
0.431 
0.302 
0.292 
0.431 
0. 431 
0.412 
0.312 


Circnmfereooe  of  drum,  0  065  feet. 


Time. 


m. 

t. 

31 

4 

28 

24 

80 

11 

27 

85 

80 

16 

29  16 

29  5 
31  53 
20  55 

30  51 
28  30 
28  41 

22  40 

23  4 
27  55 

24  52 
2fl  7 
38  2U 


Speed 

per 

seoond. 


F€9t, 

0.412 
0.431 
0.412 
0.431 
0.481 
0.453 
0. 412 
0.453 
0.431 
0.394 
0.394 
0.394 
0.412 
0.394 
0.412 
0.453 
0.412 
0.412 
0.412 
0.431 


Ninth  draught.  Tenth  draught 


Time. 


m.  t. 

30 'is 

35  40 

36  46 
35  18 
35  30 
28  57 

35  25 
86  17 
38  52 
27  42 
38  12 

36  56 
35  46 

85  28 


37    32 

si'  21 


Speed 

per 

second. 


FuL 

0.412 

0.437 

0.453 

0.481 

0.431 

0.431 

0.481 

0.481 

0.394 

0.431 

0.431 

0.431 

0.412 

0.453 

0.453 

'6.4i2 


Time. 


Tift. 

». 

30 

12 

30 

14 

40 

42 

40 

30 

80 

6 

41 

29 

37 

49 

39 

26 

48 

56 

45 

12 

30 

57 

36 

30 

41 

26 

81 

0 

41 

48 

47 

45 

15 
44 

0.394 


Speed 

per 

second. 


FMt. 

0.453 
0.453 
0.481 
0.431 
0.412 
0.481 
0.304 
0.453 
0.377 


Table  Bhowing  dimenmons  of  each  tcire  after  the  different  draughts. 


FIRST  DRAUGHT, 


[Assigned  standard,  0.445  inch.] 


0.431 
0.304 
0.453 
0.431 
0.412 
0.431 
0.377 
0.894 
0.412 
0.431 


Dimensions. 


0 
u 

I 

E 

a 


Front  end. 


Last  end. 


Difference  be* 
tween  ends. 


Rad.       Lat        Rad.       Lat        Rad.       Lat 


I  Inch. 

1   I  .4395 

2     .4400 

3  I .4400 

4' , i  .4407 

5  ! '  .4405 

6  ' i  .4405 


7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
» 


.4420 
.4410 
.4410 
.4408 
.4410 
.4415 
.4415 
.4420 
.4400 
.4406 
.4410 
.4415 
.4400 
.4410 


Inch. 

.4415 

.4423 

.4425 

.4425 

.4425 

.4430 

.4440 

.4430 

.4432 

.4435 

.4435 

.4435 

.4436 

.4445 

.4403 

.4410 

.4420 

.4420 

.4405 

.4410 


Inch. 
.4405 
.4407 
.4407 
.4415 
.4415 
.4415 
.4410 
.4415 
.4415 
.4420 
.4425 
.4425 
.4427 
.4420 
.4410 
.4410 
.4420 
.4420 
.UtO 
.4415 


Inch. 
.4425 
.442a 

'.  4430 
.4483 
.4435 
.4485 
.4430 
.4435 
.4440 
.4440 
.4445 
.4440 
.4445 
.4440 
.4413 
.4415 
.4430 
.4425 
.4415 
.4420 


I 


Inch. 
.0010 
.0007 
.0007 
.0008 
.0010 
.0010 
.0010 
.0005 
.0005 
.0012 
.0015 
.0010 
.0012 
.0000 
.0010 
.0004 
.0010 
.0005 

rooio 

.0005 


Inch. 
.0010 
.0002 
.0005 
.0008 
.0010 
.0005 
.0010 
.0006 
.0008 
.0006 
.0010 
.0006 
.0010 
.0005 
.0010 
.0005 
.0010 
.0006 
.0010 
.0010 
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I 
I 


1 

2 
3 

4 

5 

6 

7 

8 

0 

10 

11 

12 

18 

14 

15 

16 

17 

18 

10 

20 


SECOND  DRAUGHT, 
f  Assigned  Btandard,  0.8043  inch.] 


Dimenstoiis. 


Front  end. 


LftAtend. 


Sad. 


V  Inch, 

Reversed I    .3810 

do I    .3885 


Let       Rad. 


Inch.      Inch, 


.3905 
.3867 


.do. 


.  3888  !    .  3835 


.do I  .3883 

do I  .3852 

.do .3828 

.do .3863 


..do. 

..do 

..do 

-.do. 

..do. 

..do 

..do. 

..do. 

..do 

.do. 

.  do. 

..do. 

..do 


.3850 
.3843 
.3870 
.3854 
.3870 
.3885 
.3843 
.3870 
.3885 
.3835 
.3835 
.:i874 
.3885 


.3918 
.3870 
.8835 
.3850 
.8800 
.3843 
.3870 
.3865 
.3848 
.3«75 
.3826 
.3852 
.3845 
.3860 
.8870 
.3873 
.8880 


.3915 
.8885 
.3805 
.3885 
.3880 
.3820 
.3870 
.3843 
.3850 
.3873 
.3865 
.H88U 
.3805 
.3855 
.3875 
.3890 
.3850 
.3865 
.3875 
.3890 


Oiflfareaee  fe>- 
tveeacads. 


I«t.       Bad.      LsL 


jbWai^a*  Jm^tlK^wm  apB^sK. 


.8810 
.3880 
.3707 
.8925 
.3886 
.3895 
.8810  1 
.3866  , 
.8850  I 


.8880 
.8800 
.8885 
.3840 


.3870 
.3870 


.3880 


.0010 


.6W 

.«ou 


.0113 


■  0007 
.0007 
.0007 


.0011 
.0010 
.0010 
.0012 


.0W7* 
.MIC 
.«I5» 
.MIS* 

.mi 


.0005 
.0015 


.0001 


.ORf 
.0113 
.MOT 
.0U4 


THIRD  DRAUGHT. 


[Assigned  standard,  0.8494  inch.] 


1 

ReTersed 

.3425 
.3422 
.3405 
.8410 
.3420 
.3425 
.8484 
.8425 
.3806 
.3418 
.8420 
.8420 
.8430 
.3418 
.3410 
.8405 
.3390 
.3390 
.3435 
.3425 

.8480 
.3420 
.3420 
.3415 
.8406 
.3407 
.8412 
.3405 
.8380 
.3428 
.8422 
.8428 
.8428 
.3410 
.3412 
.3415 
.8388 
.3386 
.3428 
.3425 

.3442 
.8427 
.8435 
.8428 
.3480 
.8485 
.3440 
.8440 
.8410 
.8430 
.8435 
.8436 
.3435 
.3420 
.3425 
.3424 
.3408 
.8407 
.8445 
.3486 

.3435 

.8427 

.8432 

.8425 

.8415 

.8415 

.8419 

.8420 

.8380 

.8425      . 

.8492 

.8438      . 

.8448 

.8418 

.8425 

.8418 

.8400 

.8396 

.8437 

.3432 

.0017 

.0006 

.0121 

.0018 

.0010 

.0010 

.0020 

.0015 

.0015 

.0013 

0015 

OOU 

0005 

0001 

0015 

0010 

0018 

0017 

0010 

0010 

.6M 

2 

do 

.WS 

3 

do 

.W2 

4 

do 

.0011 

6 

do 

.OOU 

6 

7 

do .. 

do 

8 

do 

.MU 

0 

do 

.MU 

10 

do 

.000 

11 

......do rf -. 

.0011 

12 

Not  reversed 

.0111 

18 

Reversed 

.OOM 

14 

do 

,m 

16 

do 

.NO 

16 

do 

.(wr 

17 

do 

.ma 

18 

do 

.ma 

19 

do 

.OM* 

20 

do 

.0097 
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Table  phowing  (ftmcMwm*  of  each  wire  after  the  different  draugkte — Continued. 

FOURTH  DRAUGHT. 
[ ABtigned  standard,  0.800  7  inch.] 


DlmttDsions. 


1 

e 

I 

e 

s 


Front  and. 


Iiaatend. 


Rad. 


I 


1 
2 
3 
4 
5 
I 
T 
8 

10 
11 
12 
18 
14 
IS 
16 
17 
18 
10 
W 


Herened. 
do... 


Inch. 

.2000 
.2975 
.8024 
.3006 
.8296 
.8004 
.8085 

do j    .3000 

NotrpToraed .2908 

Royeraed '    .2980 

do :    .8005 

do .8080 

do I    .3039 

Not  roTeraed I    .:f080 


do. 

do 

do. 

do. 

do. 


do... 
Reyataed. 

do  .. 

do  .. 

do... 

do... 


.8000 
.3005 
.8010 
.3010 
.8026 
.8085 


Lat.   Rad. 


Inch.   '  Ineh 


.8000 
.2980 
.3084 
.8018 
.3006 
.3014 
.8060 
.8013 
.3010  i 
.2988  I 
.3006 
.8034  I 
.3040  I 
.3050  I 
.3004  I 
.3008 
.8007  I 
.8018  ' 
.8035  I 
.3043 


.3018 
.2985 
.8088 
.8026 
.8024 
.8020 
.3040 
.8020 
.3015 
.2978 
.8006 
.8043 
.3045 
.8042 
.8010 
.8012 
.8025 
.3020 
.3040 
.8040 


La. 


Inch, 

.8014 
.2985 


.8026 
.3021 
.3022 
.3062 
.8020 
.3020 
.2902 
.8016 
.8045 
.3045 
.8054 
.8018 
.8010 
.8025 
.8025 
.3040 
.3048 


Differenoe  ba- 
twaen  anda. 


Rad. 


LiKt 


Indi.     Indi. 


.0028 

.0014 

.0010 

.0005 

.0014 

.0002 

.0021 

.0008 

»  ■   •  •  • 

.0015 

.0016 

.0008 

.0005 

.0002 

.0020 

.0007 

.0017 

.0010* 

.0002 

.0004 

.0000 

.0010 

.0018 

.0011 

.0006 

.0005 

.0012 

.0004 

.0010 

.0009 

.0007 

.0007 

.0015 

.0018 

.0010 

.0007 

.0014 

.0005 

.0005 

.0006 

FIFTH  DRAUGHT. 


[  Aaaignad  ataadard,  inchaa  0.2744.1 


1 

2 
1 

Reranad- 

.2678 
.2685 
.2670 
.2622 
.9640 
.2640 
.2686 
.2626 
.2485 
.2640 
.2640 
.2642 
.2645 
.2650 
.2670 
.2678 
.2620 
.2640 
.2632 
.2634 

.2675 
.2685 
.2660 
.2680 
.2680 
.2688 
.2632 
.2684 
.2490 
.2645 
.2641 
.2640 
.2640 
.2638 
.2665 
.2668 
.2625 
.2685 
.2625 
.2688 

.2680 
.2640 
.2680 
.2680 
.2656 
.2650 
.2656 
.2686 
.2500 
.2660 
.2652 
.2657 
.2650 
.2658 
.2685 
.2688 
.2653 
.2050 
.2640 
.2645 

.  Xa84 
.2645 
.2668 
2686 
.2642 
.2640 
.2645 
.2689 
.2500 
.2661 
.2645 
.2648 
.2644 
.2648 
.2675 
.2670 
.2686 
.2640 
.2680 
.2644 

.0007 
.0005 

.0010 
.0008 

.0015 
.0010 
.0019 
.0010 
.0018 
.0080 
.0012 
.0015 
.0005 
.0008 
.0015 
.0005 
.0038 
.0010 
.0008 
.0011 

do 

do 

4 

do 

5 

do..... 

6 

7 

do 

do 

8 

n Ofe  HivarBad ..•...«.  .«...>«■....«■■.■■••... 

9 

do.. -...••-. 

10 
11 

BoTaiaad 

Noi  ravaraad 

IS 

Rarataad...... 

It 

do. 

14 
15 
16 
17 
18 
18 
» 

Kot  rayafaad. 

1  •  •  •  «  *  •  UO     ■•••AMpBA*    •■•••«•■••••••■••••••■■•* 

RoTcmad^x.... 

...do 

'  Not reyafaad 

1  Sayaiaad... 

do 

.0009 

.0010 

.0006 

.0006 

.0012 

.0007 

.0018 

.0006 

.OOIO* 

.0016 

.0004 

.0006 

.0004 

.0010 

.0010 

.0002 

.0011 

.0006 

.0006 

.0006 
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Table  $howing  the  difMneiotie  of  each  wire  after  the  different  liraii^iUt— Continued. 


I 


SIXTH  DRAUGHT. 
[Assigned  standard,  inches' 0.2482.] 


Dimensions. 


o 

I 

a 

I  ' 


1 

2 

3 

4 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 

15 

16 

17 

18 

10 

20 


Front  end. 


Last  end. 


Bad. 


Inch. 

Berersed I    .2350 

2350 

Reversed I    .2350 

do .2335 

do I    .2335 

do I    .2345 

do .2347 

do .2344 

do  .2368 

Not  nn-ersed  !    .  2340 

Reversed 2345 

do  ,    .2:^48 

do .2344 

do 2364 

do 2350 

do i    .2347 

do  •    .2366 

Not  reversed 2340 

Reversed ;    .2348 

do 2345 


Lat.       Bad. 


Lat. 


DiftfesosW 
twceaec^ 


Rsd.      LtL 


Inch. 

Inch. 

Inch, 

Iftek 

Ivk 

.2345 

.2305 

.2354 

.0013 

.2353 

.2360 

.2363 

.0010 

.OM 

.2340 

.2366 

.2350 

.0015 

.II.C 

.2340 

.2352 

.2352 

.M17 

.»ii 

.2856 

.2365 

.2365 

.003* 

.ot» 

.2343 

.2350 

.2350 

.001)5 

.uttr 

.2346 

.2360 

.2356 

.0013 

.fr'i« 

.2352 

.2350 

.2360 

.odi< 

.ef*' 

.2366 

.2375 

.2375 

.(»n 

.£<•♦ 

.2340 

.2350 

.2348 

.0010 

.»«»•» 

.2350 

.2358 

.2358 

.0013 

.'"« 

.2363 

.2365 

.2368 

.0017 

j'>/> 

.2350 

.2354 

.23.W 

.0010 

-^•C 

.2350 

.2375 

.2360 

.0011 

.'.■»:. 

.2362 

.2364 

.2367 

.0014 

.  >'\i 

.2346 

.2356 

.2356 

.0009 

.»««:\ 

.2352  < 

.2370 

.2360 

.0005 

.'401 

.2340 

.2365 

.2350 

.0015 

.J»ll 

.  2342 

.2360 

.2350 

.0012 

Ml 

.2350 

.2354 

.2358 

.0001 

.aw 

SEVENTH  DRAUGHT. 


I  Assigned  standard,  0.2155  inches.] 


1 

1     Reversed 

.2075 

.2084 

.2090 

.2095 

.0015 

><'/ 

o 

do 

.2085 
.2057 

.2003 
.2060 

.2090 
.2070 

.2100 
.2070 

.0005 
.0013 

.("  7 

3 

ido  -...;..::...::....: : 

A'\ 

4 

r do 

.2060 
.2075 

.2062 
.2065 

.2073 
.2084 

.2073 
.2080 

.0013 
.0000 

A*\\ 

5 

do 

.CW 

«  ! do 

.2070 

.2066 

.2075 

.2076 

.0006 

.Hj 

7  1 rto 

.2095 

.2095 

.  21.^0 

.2100 

.0063 

ff'i 

8  ! do 

.2074 

.2060 

.2077 

.2086 

.OOdS 

.0..4 

9  1 do  

.2083 

.2078 

.2090 

.2085 

.0007 

.(•<: 

10 

do 

.2095 

.2086 

.2085 

.2087 

.0016 

.»'j 

11 

do 

.2070 

.2080 

.2064 

.2075 

.0006 

.(•«6 

12 

do 

.2060 

.2066 

.2065 

.2073 

.0006 

.«« 

13 

do. 

.2060 

.2072 

.2075 

.2060 

.0015 

.(098 

14 

do 

.2084 

.2080 

.2085 

.2000 

.0001 

.«?« 

15 

do 

.2065 

.2084 

.2075 

.2068 

.0010 

.WW 

16 

do 

.2087 
.2080 
.2075 
.2060 

.2080 
.2000 
.2071 
.2064 

.2096 
.2100 
.2082  ' 
.2075 

.2090 
.2093 
.2060 
.2073 

.0090 
.0007 
.0015 

.1419 

17 

do  

M\2 

18 

do 

.mt 

19 

do 

.aM 

20 

do 

.2065 

.2004 

.2066 

.2070 

.0010 

.OM 

• 
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TahU  akowing  the  dfmensions  of  each  wire  after  tht  different  draughte — Continned. 

EIGHTH  DRAUGHT. 
[A.Migned  atandaxd,  0.1910  inchea.] 


• 

1 

%• 
0 
u 

J 

E 

e 

1 

From 

Bad. 

Inch. 
.1706 
.1802 
.1700 
.1790 
.1804 
.1760 
.1810 
.1786 
.1785 
.1780 
.1805 
.1788 
.1805 
.1793 
.1778 
.1815 
.1808 
.1808 
.1812 
.1870 

bend. 

Lat. 

Inch, 

.1805 

.1802 

.1800 

.1785 

.1704 

.1755 

.1816 

.1776 

.1778 

.1700 

.1800 

.1798 

.1800 

.1785 

.1770 

.1815 

.1802 

.1804 

.1825 

.1866 

Dimensions. 
Last  end. 

Rad.   Lat 

Inch.      Inch. 
.  1805   .  1818 

Diffeitinoe  be- 
tween ends. 

Rad.  i  Lat. 

1 
2 

3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

HoTened. .-- 

Inch. 
.0009 
.0011 
.0005 
.0000 

Inch. 

.ooia 

.1813  '  -1813 

.0011 

Revened 

do 

.1796 
.1790 
.1826 

.1808 

.1797 

lAIS 

.0008 
.0012 

, do 

.  0021   .  0021 

1 ^^ 

1 do - 

.  1760  i  . 1772 
.  1815  '  . 1820 

.  0010   .  0017 

.0005   .0004 

!  Not  Tcvenod 

1 

.1705 
.1700 
.1815 
.1705 

.1790 
.1708 
.1812 
.1805 

.Ooio   .0012 

RoTorMd...... 

.  OOIO   .  0008 

Not  i^Tonod ................................ 

.  0010   .  0012 

ReTersod. 

.  0007   .  0007 

do 

.1815 

.1812 

.  OOIO   .  0012 

do 

.1808 
.1790 
.1832 
.1818 
.1820 
.1835 
.1828 

.1704 
.1780 
.1825 
.1812 
.1816 
.1833 
.1825 

.  0013   .  0000 

Not  rovfiraod 

.0012   .0010 

,  Roveraed .................................... 

.0017  1  .QOlft 

do - 

do 

.0010 
.0012 

.ooia 

.0012 

do 

.0013 
.0042 

.0008 

do 

.0041 

* 

VriNTH  DRAUGHT. 


f  Assigned  standard,  0.1602  inches.] 


1 

Not  reversed.......... 

1 
........< 

2 

ReTflrsed     ^.... ^l      ,   

.1600 
.1505 
.1585 
.1677 
.1587 
.1610 
.1503 
.1575 
.1570 
.1683 
.1686 
.1574 
.1683 
.1690 
.1606 
.1501 
.1567 
.1605 
.1571 

.1605 
.1689 
.1588 
.1576 
.1585 
.1613 
.1588 
.1583 
.1573 
.1575 
.1588 
.1578 
.1675 
.1600 
.1596 
.1598 
.1580 
.1006 
.1674 

.1605 
.1600 
.1589 
.1595 
.1596 
.1618 
.1620 
.1588 
.1582 
.1500 
.1505 
.1584 
.1500 
.1504 
.1606 
.1506 
.1580 
.1618 
.1578 

.1610 
.1600 
.1504 
.1602 
.1602 
.1620 
.1650 
.1603 
.1688 
.1686 
.1506 
.1587 
.1585 
.1620 
.1603 
.1606 
.1588 
.1616 
.1585 

.0005 
.0006 
.0004 
.0018 
.0008 
.0008 
.0027 
.0013 
.0012 
.0007 
.0010 
.0010 
.0007 
.0004 
.0000 
.0005 
.0013 
.0018 
.0007 

.0006 

t 

...^,.do 

.0011 

4 
5 

do 

.0006 

do 

.0016 

6 

do 

.0007* 

7 

do 

.0007 

8 

....do 

.0062 

9 

10 

do 

.0010 

Not  rOTHTBSd .i 

.0010 

11 

RsTersed 

.0010 

12 

do 

.0008 

13 

do 

.0000 

14 

do 

.0010 

15 
16 

.0020 

Reyened 

.0008 

17 

do 

.0008 

18 

do 

.0008 

19 

.0010 

30 

RsTsned. ...••.... 

.0011 
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Special  notbb. 
JBreaki  oeourring  during  drawing. 

No.  11.  Point  broke  in  clamp  on  starting ;  second  draught. 

No.  14.  Point  broke  in  starting ;  second  draught. 

No.  15.  Point  broke  in  starting ;  second  draught. 

No.  11.  Point  broke  in  starting ;  third  draught. 

No.  8.  Point  broke  after  drawing  2  feet ;  third  draught. 

No.  9.  Point  broke  in  starting;  fourth  draught. 

No.  9.  Point  broke  after  drawing  7  feet ;  fourth  draught.  (Cut  off,  as  pUte  waa 
gouging  badly  on  the  under  side. ) 

No.  10.  Point  broke  in  starting ;  fourth  draught. 

No.  11.  Broke  after  first  third  had  been  drawn,  due  to  gouging  of  the  draw-pUt« ; 
fourth  draught. 

No.  4.  Pqint  broke  in  starting ;  fourth  draught. 

No.  7.  Point  broke  in  starting ;  fourth  draught. 

No.  17.  Point  broke  in  starting ;  fourth  draught. 

No.  16.  Broke  after  two  feet  had  been  drawn,  fifth  draught. 

No.  8.  Point  broke  in  starting ;  seventh  draught. 

No.  11.  Point  broke  in  starting ;  eighth  draught. 

No.  13.  Point  broke  in  starting ;  eighth  draught. 

No.  15.  After  drawing  17  coils,  plate  was  found  to  be  gouging  under  side  of  win 
and  they  were  cut  off ;  eighth  draught. 

No.  7.  The  wire  broke  before  completing  the  draught,  seven  of  the  original  coils  be:s^ 
left.  The  fracture  was  short  and  of  diamond  shape.  The  plate  had  been  scnpiD^ 
one  of  the  sides  at  the  comer  at  which  the  fracture  startled.    Eighth  draught. 

No.  9.  For  the  first  half  of  the  draught  a  fine,  curling  thread  came  from  one  comer 
of  the  wire.  When  it  ceased  coming  a  sharp  corner  was  found  on  the  wire.  The 
shaving  was  due  to  a  crack  in  the  plate.  In  all  the  draughts  there  were  a  few  shay- 
ings  produced  by  this  same  cause. 

There  was  considerable  vibration  in  the  drum  of  the  drawing  machine.  The  csh 
gine  ran  at  a  speed  of  two  hundred  and  sixty  revolutions  per  minute  to  prodoee  oba 
revolution  of  the  drum  in  twenty-two  seconds. 

Near  the  close  of  the  test  it  was  discovered  that  the  azisof  the  drum  was  not  panllel 
with  the  plane  of  the  slide-rest  carrying  the  draw-plate.  There  is  a  diffcreDce  of  V 
between  tne  two  ends,  the  one  end  being  lower  than  the  other.  A  noticeable  cant  wai 
produced  in  some  of  the  wire,  before  and  after  finishing,  by  lack  of  parallelism  be- 
tween the  sides  of  the  hole  in  the  draw-plate  and  the  plane  of  the  siide-rest  Thii 
was  coixeoted  as  much  as  possible  in  the  finishing  draught  by  driving  wedges  under 
one  or  the  other  side  of  the  plate  until  it  was  Judged  that  the  wire  lay  straight  a 
the  drum. 

The  punches  used  by  the  workmen  were  their  private  property,  and  not  gronnd  U 
any  standard  of  taper. 

Three  punches  examined ;  assigned  value  of  taper,  0.2,  or  1  in  5 ;  values  of  tliree 

Sunches  examined,  0.1936,  —  0.14(^,  —0.1420;  --0.1488  from  punch  used  for  iiint]i 
raught;  the  others  fh>m  punches  used  in  fifth  draught. 
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ME  PORT  SHOWING  THE  NATURE  AND  PROG  BESS  OF  THE  WORK  DONE 
KOR  THE  ORDNANCE  DEPAHTMENT,  U.  S,  ARMY,  BY  THE  MIDVALM 
BTEEL  COMPANY  DOMING  THE  FISCAL  YEAB  ENDING  JUNE  30, 18d&. 

Bt  Lisirr.  F.  £.  Hobbs.  Ordnakcb  Dbpabtmisnt. 

MiBTALE  Steel  Works, 
Philadelphia^  Pa.,  August  16, 1885. 

The  Chief  of  Obdnakoe,  (7.  S.  Abmt, 

WashingUm,  2>.  0,  ; 

Bib  :  Gomplyinfc  with  your  instractious,  I  have  the  honor  to  snbiiiit 
the  following  re|)ort,  showing  tbo  nature  and  progress  of  the  work  done 
for  the  Ordnance  Department  by  the  Midvale  Steel  Company  daring 
the  fiscal  year  ending  June  30, 1885.* 

During  the  time  specified  the  Midvale  Steel  Company  continued  work 
onder  the  following  contracts  with  the  Department^  viz: 

(1)  Soiled  and  hammered  hoops  for  an  8inch  steel  breech-loading 
rifle. 

(2)  Forgings  for  the  breech  mechanism  of  12  inch,  10-inch,  and  8-inch 
breech -loading  rifles,  and  casting  for  lOinch  rifle. 

(3)  Rolled  hoops  for  a  Ti-inch  breech-loading  rifle. 

(4)  Rings,  forgings,  and  castings  for  a  lOinch  steel  wire-wound 
brecch-ioading  rifle. 

And  also  undertook  to  execute  the  following  contracts  or  orders  for 
steel  for  gun  construction,  viz : 

(5)  Forging  for  breech-bushing  for  12  inch  cast-iron  rifle. 

(6)  Forgings  for  fifty  steel  tubes,  breech  cups,  and  muzzle  collars  for 
S-inch  converted  rifles. 

(7)  Forgings  for  the  parts  of  twenty -five  3.2inch  steel  breech-loading 
field  guns. 

(d)  Tube,  jacket,  and  trunnion  hoop  for  an  8inch  steel  breech-load- 
ing rifle. 

(9)  Experimental  trunnion  hoop  for  an  8inch  steel  breech-loading 
rifle. 

(10)  Forgings  and  castings  for  steel  shells. 

(11)  Forging  for  disk. 

At  this  date  those  numbered  1,  2,  3,  4,  5, 10,  and  11  are  completed, 
and  those  (numbered  6,  7,  8,  and  9  are  still  in  hand. 

*  Nearly  all  information  relative  to  manufacture  is  omitted  in  ibis  report,  as  the 
Midvale  Steel  Company  desire  that  all  details  of  thia  nature  shall  be  considez«d  con- 
fidential, and  for  the  use  of  the  Department  only. 
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BOLLED  AND  HAHMBBED  HOOPS  FOR  AN  8- INCH  STBBL  BBBECB-LOAB- 
INO  B1FL£. 

The  dimensioDS  of  these  hoops,  with  some  acconnt  of  their  mana- 
facture,  and  eumiuariea  of  the  results  of  the  t«Bt8  of  8ped[AeDS  takes 
from  them,  were  giveD  io  report  for  the  fiscal  year  endiag  JuneSO,  18&1. 
There  remained  aftw  the  date  of  tbnt  report  but  little  to  be  doDe  to  eom- 
plete  this  contract.  The  results  of  the  tests  made  at  Watertown  Ar- 
senal, other  than  those  given  in  the  report  for  1884,  will  befoond below : 


PoddMi. 

DiDMBlklU. 

i 

.'ii 

1 

1 

if 

1 

h 

Ft™   hoop 
muked— 

Ko. 

! 

1 

1 

IH.^ 

1 

s 

■s 

1 

11 

■s 
s 

B 

11 

I  tl>. 

.Muig 
.mtus 

.M1BM 
.OOIBW 

ImA. 
.Ut 

.in 

.IN 

'.mi 

.iw 

.IIW 

fr.m^ 

ir 

«.» 

Fosamas  fob  the  bbbeoh  HBOHAnisH  of  12-inoh,  10-ihoh,  urn 

8'IIIOH     BBBBOH-LOADIHa     BIFLBB,    AND     CABTINO     FOB    lO-BtCH 
BIFLE. 

The  rongb-finiehed  dimensions  of  these  forgings,  the  required  phjEieal 
qualities  of  the  metal,  and  summaries  of  the  resnlta  of  the  tests  ofcer- 
tein  specimens,  were  given  in  report  for  1884.  There  is  no  sped^  n- 
mark  to  be  made  on  the  manufacture  of  these  foi^ogs  other  than 
that  in  piercing  the  S-iodi  spindle  for  the  vent  cracks  were  discorered 
which  necessitated  its  condemnation. 

The  resnlts  obtained  in  tensile  tests  of  specimeos  fivm  tlte  S-ineli 
breech-block  and  the  sleeve  casting  are  given  below. 


BtntlU  of  tauUt  ifti  of  ImgoiUittl 


frott  forybtg  for  S-intA  hneeik  WkL 


1 

— •■ 

i 

1 
1 

«i 

^^ 

tji 

^ 

'f 

I 

IE 

! 

1 

IS. 

111 

t 

fr 

pi 

in. 

■H 

1 
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JfUk. 

J'OUT.JI. 

i«*. 

«,«L 

^ 

MIIWT 
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.KW7 
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f 
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»&,aw 
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•K 
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SmuUs  of  t€ti$ile  tests  of  tangential  specimens  fr<m  sleeve-casting  for  lOAnch  east^ron  wtr»- 

wovvd  rifle. 


i' 

i 

%  1 

• 

Length. 

• 

s 

1 

1 

'    7-. 

^1 

i 

a 

1 
1 

8 

t 

8 
8 

•  9 

•8 

<  of 

s 

^ 

\  <>  J 

^ 

u 

Elastic  limit  per 
square  inch  of  > 
original     aeo-  \ 
tion. 

m 
111 

Tensile  strength 
persqnareiDch 
of  original  sec- 
tion.                 1 

2" 

1 

« 

Pounds. 

58,000 
55,000 
40,000 

ifMA. 

.001797 
.001687 
.001600 

Pounds. 

88,000 
98,480 
98,800 

Inch. 

.1988 

.988 

.1500 

Psrssnt 

88.4 
11.8 
1&8 

7.8885 

80.14 

SOLLSD  HOOPS  FOB  12-INCH  BBBBOH-LOADING  BIFLB. 

The  rongh-flDished  dimensioiiB  of  these  hoops,  speeifled  in  the  oon- 
tract,  were  as  follows: 


Knmherof 

Interior. 

Exterior 

Length. 

hoopa. 

diameter. 

IimAcs. 

Inehes 

Inehes. 

18 

88] 

48A 

12k 

88 

^ 

111 

88 

*^ 

1^ 

46 

68' 

184 

45 

■ 

58 

12 

2 

'       45 

^ 

m 

The  physical  qualities  of  the  metal  to  be :  Elastic  limit,  51,000  to 
60,000  poands  per  square  inch ;  tensile  strength,  96,000  to  105,000  pounds 
per  square  inch ;  elongation  after  rupture :  over  15  per  cent,  as  deter- 
mined  by  the  test  of  specimens  6  inches  long  between  shoulders  and 
0.564  of  an  inch  in  diameter.  The  treatment  to  be  that  already  pre- 
scribed by  the  Department  for  steel  for  ordnance  purpose,  i.  e.j  oil 
tempering  and  subsequent  partial  anuealing. 

The  company  experienced  some  difficulty  in  the  manufacture  of  these 
hoops,  and  after  having  made  a  number  of  them,  found  that  they  had 
overestimated  the  rough-finished  length  which  could  be  obtained  using 
the  rolls  at  the  height  they  had  determined  upon  as  sufficient.  As  the 
work  had  by  that  time  proceeded  so  far  that  the  condemnation  of  ^ all 
these  hoops  would  have  entailed  serious  financial  loss  on  the  company, 
they  requested  the  Department,  if  possible,  to  sochange  the  plan  of 
hooping  this  gun  as  to  enable  them  to  use  at  least  a  part  of  these  hoops, 
and  at  the  same  time  they  increased  the  height  of  the  rolls,  so  that  the 
remainder  of  the  hoops  to  be  subsequently  manufactured  would  certainly 
rongh-finish  to  the  required  length. 

Under  date  of  October  25, 1884,  you  were  pleased,  in  view  of  the 
stated  facts  of  the  case,  and  desiring  to  accede  to  the  company's  request 
as  far  as  could  be  done  without  injury  to  the  plan  of  construction,  to  so 
modify  the  adopted  plan  of  hooping  the  gun  as  to  necessitate  the  con- 
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demnation  of  bat  4  of  the  23  hoops  already  manafactar^  aod  speoi- 
fled  the  following  modified  rough-flnished  dimeDsions  for  the  hoops: 


Number  of 
hoop*. 


10 
3 
1 
1 
1 
7 
1 
1 
1 


Interior 
diameter. 


Bxterior 
diameter. 


Length. 


Borne  difficulty  was  also  experienced  in  obtaining  the  required  phys- 
ical qualities  of  the  metal,  and  retempering  and  reannealing  were  fre- 
qnently  resorted  to. 

The  probable  cause  of  this  difficulty  was  a  less  thorough  working  of 
the  metal  than  had  been  obtained  in  the  case  of  the  8inch  rifle  hoops, 
for  being  the  first  of  such  very  large,  thick,  and  heavy  hoops  maim- 
factured  by  the  company,  they  were  handled  cautiously  both  under  the 
hammer  and  at  the  rolls,  and  were  heated  frequently  and  to  quite  i 
high  temperature. 

With  the  plant  and  facilities  for  manufacture  at  hand,  and  consider- 
ing the  size  of  the  hoops,  the  final  result  obtained  is  believed  to  be  verj 
fair,  if  not  quite  up  to  the  excellent  results  obtained  in  the  8-inch  hoopd 
referred  to  above;  the  hoops  were  manufactured  in  the  same  maoDer 
as  those  for  the  12inch  muzzle-loading  rifled  mortar  and  the  rolled 
8-inch  steel  breech-loading  rifle  referred  to  in  report  for  1884.  Summa- 
ries of  the  results  of  tests  made  at  Watertown  Arsenal  of  specimens 
from  these  hoops  are  given  below : 

BentlU  of  tensile  testa  of  tangential  specimens  from  rolled  steel  hoops  for  IS-ImI  htsA 

loading  rifle. 

[Lenfi^h  of  ipecimen.  6  inches :  aeotional  area,  0.25  of  a  aqaare  inclLl 


o 

I 

a 

D 
{23 


*"       Position  of  specimen. 


§8 

"• 

u  a 

a'' 

?  o 

J2  ^   • 


PoundJi. 

Ani I  Inside 50,(HK) 

Ant 2  OutKicle 61,000 

Aiit 8  lowde 00,000 

Ant 4  OiiUlde 50.000 

Ant *  luaide 5:^,000 

Ant 6  OiitsWe 53.000 

Ant 7  Middle 47.000 

An9 8  Inside 43,000 

AnJ 0  OiiWde 47.000 

An$ 10  Middle 49,000 

An 11  Inside 52.000 

All 12  Oiiti-ide 50,00(1 

An 13  Middle 56,0(K) 

t  Accepted  on  these  tests,  bnt  foand  afterwards 
made  to  replace  it. 
t  Now  hoop  An  not  accepted  on  these  tests. 
(  Not  accepted  on  these  tests. 


Inch. 

.001933 

.002133 

.001907 

.OOlM-d 

,  001767 

.001707 

.OOIO.'H) 

. 001350 

.001400 

.001507 

.001783 

.  0020:i3 

.001833 


Pounds. 
107, 040 
109.280 
107.200 
107. 120 
107.840 
107, 240 
103.  ."HO 
99.0i0 
98,880 

102.  JSGO 
105, 920 
112,000 

103,  920 


Inch. 
.135 
.145 
.150 
.160 
.105 
.1117 
.1117 
.1467 
.1333 
.1333 
.1233 
.1133 
.1383 


si 

o 

d 


I 


a 

s 


P»cmL 
86.4 
Ml4 

80.2 

7.8132 

nn 

8&4 

24.6 
S4.6 

7.8633  1  19LG 

27.6 

1 

41.9 
41.9 
86.4 

7.850S    !&• 

83.5 

83.5 

4L9 

to  be  scant  of  the  reqaired  dimonsions   a  mm  bo*p 
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Be§ult$  of  ieMile  fwf«  of  tangential  apecimeiM,  ^o. — Continned. 


An 
▲tt 

An 

In 


Ax*. 
Ax*. 
Ax*. 
Ax*. 

n-. 

Ax. 
Ax. 
Ax. 
Ax. 


Bi 
Bi 
Bi 
Bi 
Bi 
Bi 


Bi. 
Bb. 
Bi. 
Bi. 
Bi. 
Bi. 

Bi. 
Bb. 
Bi. 
Bi. 

Bii. 
Bii. 
Bii. 
Bii. 
Bu. 
Bu. 

Bx. 
Bx. 
Bx. 
Bx. 
Bx. 
Bx. 


1 
2 

S 
4 
6 

1 

2 
S 
4 
6 

e 

7 
8 

0 
10 

1 

2 

3 
4 
5 

e 

1 

t 
t 

4 
5 

e 
1 

2 

8 

4 

1 

t 
8 
4 
5 

e 
1 

2 
8 

4 
5 
6 


Poeitioii  of  apeeimen. 


Middle 

....do.... ... 

....do 

....do 

Isaide 

Ontaide 

Middle 

. ...do........ 

....do........ 

....do 

Inaide 

Oiitaide 

laaide 

OaUide 

Inaide 

Oataide 

Middle 

Middle 

....do........ 

....  do ........ 

....do 

Inaide 

Oataide 

Inaide 

Oataide 

Middle 

....do 

Middle 

....  do ........ 

...  do  ... ...^ 

do 

Inaide 

Oataide 

Inaide 

Oataide 

Inaide 

Oataide 

Middle 

....do 

• 

Inaide 

OnUide 

Inaide 

Oataide 

Middle 

....do........ 

do 

...do 

Inaide 

Oataide 

Middle 

....do........ 

....do...... . . 

. ...do........ 

Inaide 

Oataide 


Poundt. 
57, 000 
55,000 
5^0O0 
57,000 
65,000 
57,000 

54.000 
58,000 
60,000 
49,000 
52,000 
68,000 

84,000 
37,000 
55,000 
55,000 
58,000 

48,000 
49,000 
50,000 
49.000 
48,000 
49.000 
53,000 
53,000 
50,000 
49,000 

64.000 
51.000 
55.000 
48,000 
64,000 
64,000 

59,000 
61,000 
58,000 
60,000 
61.000 
59,000 

6.1,000 
54,000 
53,000 
63,000 

54,000 
55,000 
53,000 
6.3,000 
56,000 
57,000 

54,000 
53,000 
M,000 
52,000 
51,000 
53.000 


Ineh. 

.002050 
.001950 
.001900 
.001900 
.002417 
.002233 

.001750 
.001717 
.  001700 
.001683 
.0UI867 
.002100 

.001838 
.001867 
.002100 
.001888 
.001883 

.001617 
.001617 
.001717 
.001700 
.001683 
.001783 
.001767 
.001917 
.001700 
.001683 

.001867 
.001800 
.001083 
.001667 
.002350 
.001950 

.001983 
.002050 
.001900 
.OOIOAO 
.  002183 
.001967 

.001867 
.001783 
.00185U 
.001783 

.001767 
.OOl&V) 
.001733 
.001717 
.002183 
.002117 

.  0017.^ 
.001717 
.001800 
.001067 
.001950 
.001967 


Poundt. 
107, 6U0 
104,480 
100,400 
104,560 
111,800 
106,240 

105.000 
104.200 
101,200 
101.280 
104,400 
102.000 

88,600 

88,000 

101,660 

107,160 

102,400 

100,240 
101,000 
102,280 
100,000 
102,280 
100. 640 
107.920 
106.000 
106,160 
105,600 

109,280 
101.160 
108, 200 
98.080 
114,600 
102,000 

109.560 
109.160 
108. 200 
108,650 
112,000 
109.440 

102.280 
104.080 
102,200 
102, 240 

101,200 
104.400 
102.480 
101. 84') 
107,000 
106,000 

104.320 
104,0<)0 
10A.700 
105.2^ 
100.100 
105, 120 


Elongation    per    inch 
after  rapture. 

Reduction  in  area  after 
rupture. 

V 

* 
fee 

S 

•1 

1 

Jn^, 
.1417 
.1483 
.1267 
.1467 
.1383 
.1488 

.1883 
.1617 
.1700 
.1517 
.1488 
.1888 

.1888 

.205 

.125 

.1288 

.1887 

.1567 

.1567 

.1600 

.1617 

.1667 

.1433 

.1267 

.1317 

.155 

.1433 

.1217 
.1483 
.1283 
.1483 
.1017 
.145 

.1538 
.1600 
.1550 
.1533 
.1833 
.145 

.1417 
.1500 
.1433 
.1083 

.160 

.13.33 

.145 

.1483 

.1483 

.1683 

.1383 
.1207 
.1400 
.1438 
.1383 
.1517 

Paremt 
86.4 
86.4 
8&5 
89.2 
41.9 
86.4 

80.6 

88.5 

86.4^ 

83.5 

88.6 

86L4 

88.2 
83.5 
83.5 
80.6 
8a5 

89.2 
89.2 
86.4 
89l2 
83.6 
86.4 
27.6 
80.0 
80.0 
80.0 

30.0 
8&4 
80.6 
41.9 
27.6 
4L9 

89l2 
41:9 
89.2 
41.9 
8&4 
89.2 

41.9 
86.4 
89.2 
89.2 

89.2 
8a5 
88.4 
86.4 
83.5 
83.5 

8&4 
86.4 
83.5 
86.4 
39.2 
88.5 

i.wn 

28.08 

7.8688 

22.87 

7.8075 

14.9 

7.8683 

19.81 

7.8548 

19.81 

•    •   •    ■            mm 

7.8581 

20.88 

7.8515 

22.89 

7.8568 

2164 

7.85U 

2114 

7.8664 

21.64 

7.8682 

2L53 

*iral  acoepted  on  thene  reaulta ;  retempered  and  annealed. 
\  Hot  aooepted  on  theae  teata. 
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Me9ult$  of  oampreanan  test$  of  langeniial  specimens  from  rolled  steel  koops  f^r  li^Mk 

ireech'loading  rifie. 


Speoimen. 

h 

^% 

% 

S  Si 

a 

£B 

7 

A«.... 

Bx... 

7 

Bx.... 

8 

Bn.... 

7 

Position. 


Middle. 

. . . do 

Tnside  . 
Outside 


Dimensions. 

Blast ic  limit  per 
square  inch   of 
original  section. 

pi 

II  i 
III 

|5.o^ 

• 

OS 

I 

12 
12 
12 
12 

Diameter. 

Inch, 
L129 
L129 
1.129 
1.129 

PoiMMft. 

58,000 
54,000 
54,000 
54,000 

Inck, 
.001980 
.001720 
.001720 
.001870 

Pouiidf. 

65,290 
6^4i0 
6S,890 
68.200 

1 

Saofelonal  area»  1  square  inch. 

BwulU  of  oompression  tests  of  rtidial  specimens  from  rolled  hoops  for  IStAmdt  hrmk- 

loading  rifles. 


Specimen. 

fit 

From  hoop 
marked— 

1 

t 

JnM. 

1 

Ultimate  stri 
per  square 
of  original 
tion. 

Inch. 

A«... 

8 

4 

0.505 

78,020 

Bx... 

0 

4 

0.505 

69.930 

Bx... 

10 

4 

0.505 

66,270 

Bii 

9 

* 

0.505 

68,450 

Beotki&al  area,  0.2  of  a'square  inch 

BIKOS,  FOBaiNaS,  AND    0A8TINO   FOR    10-INOH  %T£BI«  WIBS-WOUIII) 

BBEEOH-LOADINa  RIFLE. 

Under  this^contract  the  company  were  reqaired  to  deliver  12  rings,  1 
breech-block,  1  spindle,  1  lever,  and  1  cylinder  (sleeve  casting),  die 
rough-finished  dimensions  being  as  follows : 

DimensioM  of  hoops. 


No.  of 

Interior 

Exterior 

Length. 

Rolled  or 

hoops. 

diame  ter.  diameter. 

1 

hammered. 

Inehts. 

Inchss. 

28 

81i 

lA 

Boiled. 

22| 

291 

»A 

0a 

2K 

35 

SA 

Do. 

}3 

25 
25 

23  iV 

? 

Hammered. 
Do. 
Do. 

^ 

"4 

22, 

JJi 

1 
5 

Do. 
Do. 

36| 

36 

86 

5 

Da 

221 
3(^ 

Do. 
Da 

1 

24 

4fJ 

Do. 

BEPOBT   OP   THE   CHIEF   OP   OBDNANCE. 
DimenHone  of  other  fcrgingn  and  coating. 
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Katnre  of  piece. 


CyUuder  eaetlng 
Breech-block 

a^dle 

Lever 


Interior 
diameter. 


ao.2s 

2.5 


PhyMoal  qualitiet  of  the  metal. 


Exterior 
diameter. 


{ 


In^u, 
88.5 
14.26 
12.25 
4.25 

las 


Length. 


Inehte. 
84.76 
20 

8.76 
24 

1.126 


Katnre  of  piece. 


BiMtio  limit. 


RiBge 58,000     poands     per 

aqnare  inch;  varia- 
tion allowed  i:  4.600 
pounds  per  square 
Inch. 
50,000  to  56,000  pounds 
per  square  inch. 


Breeeh-hlooh  and  spindle. 


Lever 


Sleeve  caettng. 


40,000  to  45,000  pounds 
per  sqaare  inch. 


Tensile  strength. 


100,800  poands  per 
square  inch ;  varia- 
tion allowed  ±  4,500 
ponnds  per  square 
inch. 

108,000  to  112,000 
poands  per  square 
inch. 

80,640  poands  i>er 
square  inch. 

00.000  to  108,000  poands 
per  square  intm. 


Elongation  after 
rupture. 


Over  16  per  oeat. 


Over  12  per  cent. 

Over  20  per  cent. 
At  least  10  per  cent. 


No  special  comment  can  be  made  on  the  manafactare  of  these  parts 
for  a  10-inch  steel  wire- wound  rifle.  Much  difficulty  was  experienced 
in  getting  satisfactory  tests  froio  one  of  the  rolled  hoops  and  also  in 
obtaining  a  satisfactory  sleeve  casting,  but  otherwise  the  work  pro- 
gressed rapidly,  satisfactorily,  and  without  incident.  Summaries  of  the 
results  obtained  from  the  tests  of  specimens  from  these  forgings  are 
given  below : 

Menlte  of  temailo  tmte  of  tangential  epeomena  from  hoope  for  lO-ineh  eteel  wiro-wownd 

breech-loading  rifle. 


I 

a 

• 

8 

fil 

1 

JX 

m 

%» 

%, 

0 

e 

u 

b 

JS 

^ 

8 

e 

a 

0 

Z 

» 

I 

1 

3 

2 

3 

8 

8 

1 

S 

2 

8 

8 

8 

4 

8 

1 

8 

2 

8 

3 

8 

7 

8 

It 

8 

0 

8 

10 

8 

11 

8 

12 

PoeiUon  of  specimen. 


In, 
6 
0 
0 

e 

6 

6 

liiddlet I    6 


Middle.. 
Middle.. 
Middle.. 
Middle*. 
Middle*. 
Middle* 


Middlet. 

Miildlet.. 

Middlet.. 

Inxide*... 

Ontalde*.. 

Middle*  .. 

Inside  .... 

Outside.. 

Middle... 


6 
6 
6 
6 
6 
6 
0 
0 
0 


Pounds. 
55,000 
53,000 
56^000 
49,000 
47,CU0 
48.000 
45.000 
49.000 
45,000 
48,000 
45,000 
49,000 
47.000 
61.000 
65,000 
5.%  000 


Indi. 
.001800 
.001733 
.001867 
. 001617 
.001638 
.001600 
.001683 
.001567 
.001467 
.001588 
.001417 
.001688 
.001583 
.002083 
.002200 
.001800 


PotMuEff. 

101,120 

101, 840 

103,200 

07,800 

05,840 

97,040 

100.280 

09,880 

95,200 

100,000 

100,480 

105,880 

101,560 

114,000 

117,680 

108.000 


o 

s 


P 

g 


Jficft. 

.165 

.1467 

.165 

.1583 

.1688 

.1733 

.1488 

.145 

.1517 

.1500 

.1467 

.1217 

.12 

.125 

.1133 

.1117 


I 


S  o 

o 

a 


I 


Per 


eenL 
41.9 
86.4 
80.2 
89.2 
86.4 
89.2 
80.6 
30.6 
41.0 
8&4 
30.6 
27.6 
27.6 
86.4 
30.6 
83.5 


7.8571 


7. 


7.8506 
7.8557 


7.8627 


2162 


20.  OB 


20.4ir 
20l26 


22.02 


'Not  aoeepted  on  these  tests ;  retreated. 


t  Not  accepted  ;  another  hoop  made  to  replace  it. 
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JBetttttf  0/  iennle  tests  of  fanffential  specimens  from  sleeee  oasUngfcr  lO-imtikHed 

wound  breach- loading  rifle.  * 

[Length  of  specimen,  3  inches.    Sectional  area,  0.25  of  a  aqiuae  Ineli.] 


s 

1 

i 

1 

2 
8 

Elastic  limit  per 
square  Inch  of 
original  sec- 
tion. 

Elongation  per 
inch  under 
strain  at  elas- 
tic limit. 

Tensile  strergth 
pel  square  inch 
of  original  sec- 
tion. 

Blongation  per 
inch  atler  rupt- 
ure. 

Beduction  in 
aiea  after  rupt- 
ure. 

i 

o 

OQ 

1 

Pounda. 
65,000 
57.000 
50.000 

Inch, 

.00:*000 
.001900 
.001867 

Pounds. 
104. 120 
102.000 
101,720 

Ineh. 
.1367 
.1533 
.1567 

Per  Mnt 
24.6 
27.6 
33.5 

7.8411 

1&83 

........ 

FOBanva  fob  bbbeoh  BusHiNa  fob  l2-n?0H  oast-iboii  bifli. 

This  forging  was  required  to  be  24.25  inches  exterior  diameter,  14.7^^ 
inches  interior  diameter,  24  inches  long,  rongh-finished  dimensiooa.  U 
was  forged  and  treated  in  the  same  manner  as  a  gun-hoop.  Spedm^iu 
cat  from  one  end  showed  the  following  physical  qualities: 


•s 

i 

1 

2 

• 

'Si 

1 

In. 
8 
8 

Elastic  limit  per 
square  inch  of 
original  sec- 
tion. 

Bloneatlon  per 
incn   under 
atrain  at  elas- 
tic limit. 

Tensile  strength 
per  square  inch 
of  (irfglnal  sec- 
tion. 

Elongation  per 
inch  after  rupt* 
ure. 

- 

Beduction  in 
areaaftermpt- 
ure» 

0 

1 

1 

1 

Pofinds. 
55,000 
57,000 

Inehes. 
.001767 
.002167 

Pounds. 
102, 800 
102,460 

Inehss. 

.1867 
.1033 

PtreenL 
36.4 
88l2 

7.8658 

2L88 

VOBOnfGS  FOB  FIFTY  TUBES,  BBEEOH  0I7PS,  AND  IIUZZUB  COLLABt 

FOB  8-INOH  OONYEBTED  BIFLES. 

These  forgings  are  required  of  the  following  dimensions : 


Nature  of  pieces 


Tube  . 
Breech  cn^ 
Muzzle  coj 


£ar! 


Exterior 
diameter. 


InduB. 

18. 875 

8.5 

13.75 


Interior 
diameter. 


Inches, 
7.625 

•  •      •         •  • 

11.25 


Length. 


Inches, 
124 
7 
&5 


Bemarka. 


Rough  finished. 
Bough  forging. 
Bough  flniahed. 


The  mean  physical  qualities  of  the  tube  and  breech  cup  to  be:  EIm- 
tic  limit,  38,000  poands  per  square  inch ;  tensile  strength,  80,000  ponods 
per  square  inch ;  elongation  after  rupture,  22  to  26  percent.;  redacUoo 
of  area,  20  per  cent.;  but  the  resalts  of  no  one  specimen  to  be  below 
elastic  limit,  35,000  pounds  per  square  inch  ;  tensile  strength,  75,000 
pounds  per  square  inch ;  elongation  after  rupture,  20  per  cent. 

The  forgings  for  the  tube  were  required  to  be  of  oi>en*hearth  steel, 
from  ingots  weighing  about  twice  as  ranch,  and  having  a  sectional  area 
about  four  times  as  great  as  the  solid  forging,  and  to  be  from  the  lover 
part  of  the  ingots.  The  rough  finished  tubes  and  the  rough  forgings 
for  breech  cups  to  be  oil  tempered  and  afterwards  annealed.    The  tabe 
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forgings  were  made  from  ingots  25  inches  square  in  cross-section  by 
aboQt  50  inches  high,  weighing  about  11,000  pounds  each.  The  forg- 
iiigs  were  tested  by  the  Midvale  Steel  Company,  and.  then  sent  to 
another  firm  to  be  rough  turned  and  bored,  the  company  not  having 
the  facilities  for  this  kind  of  work  ;  on  their  return  they  were  oil  tem- 
pered and  annealed,  and  the  required  test  specimens  cutVrom  the  ends. 
The  treatment  required,  oil  tempering  and  annealing,  differs  from  the 
treatment  to  which  the  first  tube  manufactured  by  this  company  was 
fiubjectedy  viz,  simple  annealing ;  the  specifications  under  the  adver- 
tisement asking  for  bids  for  these  tubes  allowed  the  manufacturers  to 
state  the  price  for  either  oil  tempered  and  annealed  or  simple  an- 
nealed forgings,  having  the  physical  qualities  specified. 

This  company,  to  whom  the  contract  was  awarded,  bid  only  on  oil 
tempered  and  annealed  forgings,  believing  that  such  treatment  would 
give  them  a  better  control  over  the  metal.  Up  to  this  date  fifty-six 
tubes  have  been  forged,  of  which  twenty-seven  have  been  accepted  as 
to  physical  qualities  and  six  have  been  rejected ;  the  rejections  have 
been  principally  on  account  of  local  defects  at  the  ends  of  the  tubes. 
Three  specimens  are  tested  irom  each  end  of  each  tube,  so  the  total  num- 
ber of  tests  made  is  quite  large.  Summaries  of  the  results  obtained 
frolb  several  of  both  the  accepted  and  rejected  tubes  are  given  below 
as  examples. 

Rtmtlta  of  tensile  tests  of  tangential  specimens  from  ends  of  tubes  for  S-inch  eonverted  rifles^ 
{Length  of  apedmeii,  8  inohea ;  sectional  area,  0.85  of  a  square  inob.] 


i 

z 


0 
»9 


7« 
7* 
7* 
7* 
7* 


or 

ale. 


Braeeh  • 

do... 

do  .. 

Mnssle. 
.  ...do..« 
do... 


S*.  Breroh. 
«*L...do... 
§•  ...  do... 
a*   Maule. 

8*[ — do... 
«•!  ..  do  .. 


8* 

«• 
8* 

nt 
nt 
nt 
lit 
nt 
ut 

12  • 
12  • 

«• 

B» 
W 
«• 
12* 
12* 
«• 
12* 


"braeeh 
...do.. 
...do.. 


...do... 
...do... 
..  do... 
Mnasle. 
...do... 
....do. .. 


Breeeh 

..  do 

■ .  -do. ....... 

Mmale 

....do-.>.. ... 

....do 

....do. ........ 

>  »  •  *  Uv  ■••••^••< 

>  •  •  •«aV*  •  «  •  ■  M  A  ■  I 


S 
a 

1 


o 

I 


1 

2 
8 
1 
2 
3 

I 
2 
8 
1 
2 
8 
4 
6 
6 

1 
2 
8 
1 
2 

a 
1 

2 

8 
1 
2 
8 
4 
5 
6 
7 


Position  of  apeo 
Imen. 


Inside.. 
OnUlde 
Middle . 
loaido  . 
Ontside 
Middle . 


Inaide 

Outside  .... 
Middle  .... 

Inaide 

Ontside  .... 
Middle.... 

Inaide 

...  do 

Ontaide  .... 


Pmtnds. 
44.000 
41,000 
43,000 
45,000 
4.\000 
47,000 

40,000 
43,000 
40,000 
47,000 
42, 000 
45,000 
40,000 
41.000 
30,000 

48,000 
45,000 
41.000 
42,000 
40.000 
45.000 

44.000 
41,000 
30.000 
41,000 
41.000 
83,000 
37,000 
35.000 
82.000 
.do I  89.000 


Inaidew . 
Ontnide 
Middle . 
Insidn.. 
Outside 
Middle . 


Inaide  . 
Outside 
Middle. 
Innide.. 
Outside 
Middle . 
Inside  . 
Ontside 
Middle . 


Inch. 

.001400 

.002100 

.0013.33 

.001133 

.  001367 

.001467 

.0013.13 
.001400 
.001233 
.001538 
.001400 
.001400 
.  001207 
.  001307 
.001233 

.001333 
.OOl.'Uia 
.001207 
.  0013:13 
.001100 
.001300 

.001500 
.001200 
.001200 
.0013UO 
.001107 
.001133 
.001107 
.0011.33 
.001100 
.  0(>12«7 


Pounds. 
83,800 
82,600 
84,820 
88,240 
88.000 
87,200 

75.600 
82.080 
82,000 
86,000 
81,040 
82.120 
80.160 
80,0^0 
77, 920 

81,440 
84.680 
79.800 
81.660 
80.600 
84,160 


*  Not  accepted  on  these  teata. 


82,000 
8<i.600 
70,280 
80,160 
78,880 
59,680 
67.200 
67,000 
58,560 
80.200  I    . 

t  Accepted 


Inch. 
.1300 
.1167 
.2833 
.2367 
.240 
.2167 

.1133 

.2400 

.2067 

.2588 

.2233 

.2238 

.170 

.170 

.2367 

.2233 

.220 

.260 

.2833 

.220 

.2433 


2100 

2100 

2238 

1800 

2267 

0467 

0533 

070 

060 

2267 

on  these 


1 

1 

1 

I 

i 

PeremL 

ia3 

15.0 

7.8628 

18.61 

41.9 

44.6 
40.7 

7.8542 

14.96 

47.2 

21.4 
49.7 

7.8007 

iLia 

27.6 

41.9 
49.7 

7.'8566 

14.40 

52.2 

89.2 
44.6 

62.2 

49.7 
54.6 

7.8589 

13.46 

54.6 

49.7 
4a  7 

7.8525 

12.  a 

44.6 

47.2 
64.6 

7.8553 

12.81 

49.7 

41.9 
52.2 

7.8332 

12.46 

11  8 

11.8 

11.8 

11.8 

47.2 

■*•••••■ 

teaU. 
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Betults  of  knsHe  te$ta  of  tangential  specimens  from  ends  of  tn^et,  ^.— ContiiiiMd. 
[Length  of  apeoimen,  8  Inches;  aectional  «re%  0.85  of  ft  ■qiureUieh.J 


i 


Breeoh  or  mns- 
sle. 


q 

§ 


% 

a 

0 


18 
18 
18 
18 
18 
18 
18 
18 
U 
18 

90 

ao 

20 
20 
20 
20 


22 
22 
22 

22 
22 

24 
24 
24 
24 
24 
24 


28 


81 
81 
81 
81 
81 
81 
81 
81 
81 
81 

84 
84 
34 
84 
84 
84 

48 
48 
48 
48 
48 
48 


Breeoh 

.  •  a  •  do  •••••••..• 

1 

2 

...  do 

8 

Mnzzle 

....do 

1 
2 

....do 

8 

Breech 

« • •  •  do  ••■*••»•«• 

4 
9 

•   a  «  «  CLO  •■•••««•■« 

0 

...do 

....do 

....do 

7 

1 
2 

...do 

8 

Mnsale 

i....do 

...  do 

1 
2 
8 

,  . ..     uv.  ......... 

Breeoh 

....do...  ...... 

...  do 

1 
2 
3 

Mozzle 

...  do 

1 
2 

.  ...do 

8 

Breeoh 

....  do  ......•■.. 

1 
2 

do 

8 

Muzzle 

....  do. 

....do 

1 
2 
3 

Breech 

.  ...do 

I — do 

1  Muzzle 

i....do... 

! — do 

1 

1  Breeoh 

l....do 

1 
2 
8 
1 
2 
8 

1 
2 

!.. .  do 

3 

Muzzle 

— do 

...  do 

...do 

' do 

...  do 

1 
2 
3 
4 
5 
6 

do 

Breeoh 

...  .do.  .*•..••«. 

7 

1 
2 

. , .  do 

8 

Mnzzle 

.  ...do 

1 
2 

....  do .......... 

8 

Breeoh 

...do 

1 
2 

do 

3 

Muzzle 

..  do 

1 
2 

•  •  •  .QO- •«••••••• 

8 

1 

Poeitlonofepec< 
Imen. 


loeide.. 
Outside 
Middle . 
Inside  . 
Outside 
Middle. 
Inside. . 
Outside 
Middle. 
....do. .. 


Inside 35.000 

Ouuide I  38,000 

Middle '  87,000 


Inside. 
Outoide 
Middle . 


44,000 
42,000 
41.000 


Inside !  38,000 

Outside I  30,000 

Middle 40,000 


Inside 
Outside 


80,000 
89.000 


Middle 87,000 


Inside. . 
Outside 
Middle. 
Inside. . 
OnUide 
Middle. 


Inside.. 
Oatside 
Middle . 
Inside  ■ 
Oatside 
Middle. 


Inside  . 

Outside 

Middle . 

Inside.. 

Outside 

Middle. 

Inside . . 

Outside 

Middle 

....do... 


Inside.. 
Outside 
Middle. 
luMide  . 
Outside 
Middle. 


Inside.. 
Outside 
Middle. 
Inside. . 
Outdide 


44.000 
41,000 
41,000 
45,000 
48.000 
41,000 

45,000 
40,000 
43,000 
46,000 
44,000 
43,000 

35,000 
35,000 
34,000 
42,000 
43,000 
40,000 
41,000 
41.000 
89.000 
39,000 

39,000 
41.000 
40,000 
43,000 
41.U0U 
40,000 

40,000 
40,000 
39,000 
37,000 
38,000 


1^ 

S.2 


o  • 


Middle 37.000 


*  Not  sooepted  on  thtfse  testa. 


Povnda, 

40,000 
37,000 
44,000 
40,000 
43.000 
39.000 
35.000 
35,000 
35,000 


Inch. 

.001238 

.001433 

.001400 

.001400 

.001887 

.001867 

.001233 

.001133 

.001100 

.001067 

.001183 
.001287 
.001267 
.001467 
.001433 
.001400 

.001167 
.001200 
.001300 
.001300 
.001100 
.001283 

.001400 
.001400 
.001267 
.001688 
.001567 
.001867 

.001867 
.001288 
.001267 
.001867 
.001367 
.001400 

.001088 
.001100 
.001100 
.001488 
.001883 
.001488 
.001367 
.001200 
.001367 
.001388 

.001233 
.001267 
.001388 
.001300 
.001167 
.001300 

.001267 
.001400 
.001200 
.001833 
. 001233 
.001200 


§7.S 


Pound$. 
76,280 
78,840 
75,720 
83,820 
79,640 
88,600 
78,000 
75,480 
74,720 
74,400 

72,520 
77,280 
75,000 
81,800 
80,200 
70,400 

74,640 
78,000 
76,080 
75,240 
75,360 
73^120 

76,800 
80,480 
70.160 
86,860 
88,280 
82,440 

80,8*0 
82,000 
82,000 
88,960 
84,660 
84,200 

72,240 
74.080 
71,840 
81,480 
88.560 
76,720 
76,720 
77,400 
76,000 
75,680 

73,880 
78,840 
75,160 
79.480 
70,000 
78,800 

74,800 
76,040 
75.040 
78,440 
75.920 
,  78,680 


Inch. 
2233 
1467 
1967 
2667 
2500 
2667 
2167 
2333 
1667 


2633 
,2883 
,2288 
2233 
2467 
240 


2667 
2467 


2467 


2367 

210 

2567 

2267 

260 

2567  i 


2433  I 
2033 


7.mi  11 » 


7. 


7. 
7.8545 


U.4I 


12.81 

iiii 


an 


7- 


aa 


L... 
7.8688 

iiii 

7.8887 

KM 

7.8aH 

l&H 

7.8118 

ILS 

7.86K 

14.40 

"■•"•" 

»  •       >  •  a  • 

7.8S6I 


7, 


12 II 


15l! 


t  Accepted  on  these  tests. 
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The  muzzle  collars  were  manufactured  like  gun  hoops,  except  that 
after  forging  they  were  not  treated  in  oil,  bat  caused  to  cool  slowly ; 
they  were  then  tested  by  the  Midvale  Steel  Company  under  the  super- 
vision of  an  inspector,  and,  if  satisfactory,  then  accepted  and  rough 
floished. 

The  following  are  some  of  the  results  of  tests:* 


in 

151 


Poundt. 

a«i  3S6 

84.888 
86,86S 
84,091 
88,987 
88,278 
84.088 
86.861 
86.219 
86^787 


o  U 


e 


u 


percent 
20.76 
23.87 
88.26 
86.84 
81 

84.91 
29.72 
29.10 
84 
87.62 


FOBGINGtS  FOB  THE  PABT8  OF  TWENTY-FIVE  3.2INGH  STEEL  BEEEOH- 

LOADING  FIELD  OIXNS. 

These  parts  consist  of  tube,  jacket,  sleeve,  base  ring,  key  ring,  breech 
block,  obturator  stem,  lever  handle,  carrier  ring,  gas-checking  ring,  nut, 
and  trunnion  hoop,  of  the  following  rough-finished  dimensions: 


Natare  of  piece. 


Bemarka. 


Tvba 
•  Jteket 
BawrlBf 
Slwre 
JUrfiing 
Carrier  ring 
Gw-dieekriag 
Vat 

Bneehbloek 
TnuBioii  iMop 

Obtarator  atem 


With  prqjMtioii. 


With  projeoticms. 

With  rim  baaea  aod  tnumloiia. 


To  be  forgings  of  open-hearth  steel,  oil  tempered  and  afterward  an 
nealed,  and  to  have  the  following  physical  qualities: 

per  aqnare  inch.  f  g     o  g  e  |  .J>^'  aqiiare  inch. 

ElongaUon  efter  raptaTe,20  per  I  ej|  o  g^  (EiongaUoii  After  mptnie,  13  per 


Tabe 


SlMtio  limit,  42,000  ponoda  per] 
aqaare  inch.  I 

Tennile  atrength,  88.000  poonda 


ElMtio  limit,  80,000  ponnda  per 

aqoare  inch. 
Teoalle  atreDgth,  80,000  poonda 


cent. 


I 


Elaallo  limit,  50,000  poanda  per]  ^^i-^ 
aonare  inch.  LS  «•  g'o 


wMpofa. 


JaekatikeTe,  breech       aqoare  inch.  1^7  ?  e  i 

Moek,  haae  rinc.  J  Tenaile  ativnfcth.  W,00O  poonda  I  S  j  «     li  j 
•ad    ether    amMii     per eqoAre inch.  tg     §g^ 


I>e; 
Bfon 


onfratlon  after  mptnre,  16  per 
oeak 


j9*»  as, 


cent. 

lEUatlo  limit,  40,000  poanda  per 

aqoare  inch. 
Tenaile  atrenxth,  88,000  poonda 


per  aqoare  inch. 
Cloni 


Elongation  after  roptore,  15  per 
oent. 


TraaaloBhoop  ... 


fElaatie  limit.  48,000  poonda  per]  2^^-^ 

aqoare  inch.  ^  *»  g*  e  . 

j  Tenaile  atrength,  05,000  ponnda  I  g  j!  «     l 
;     per  aonare  ioch.  *  p     S  a  o  ' 


]     per  aqnare 

I  Blongntion  after  mpture,  15  per 


I 


cent. 


t«  «  o  o^ 
o>a  ^  S  Si 


Elaatle  limit,  48,000  poonda  per 

aqnare  inch. 
Tenaile  atrength,  85,000  poonda 

per  sqaare  inch. 
Elonfcatfon  after  roptore,  13  per 

cent. 


*  Length  of  specimen,  2  inches;  sectional  area,  0.'2  of  a  square  inch. 
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The  forcings,  with  the  exception  of  the  tabe  aod  tmnnion  hoop,  were 
made  in  the  same  manner  as  those  for  an  experimental  3.12  inch  Bteel 
breech-loading  field  gun,  described  in  report  for  1884.  The  tabes,  like 
the  other  parts,  were  to  be  oil  tempered  and  afterward  annealed,  in- 
stead of  simply  annealed  as  in  the  case  of  the  experimental  gao,  this 
change  being  made  with  the  expectation  of  obtaining  more  uniform 
metal  of  the  desired  physical  qualities.  The  trunnion  hoops  are  for- 
gings  instead  of  being  castings,  as  for  the  experimeniarl  gnn,  this  chaogiB 
also  being  made  in  the  expectation  of  obtaining  better  metaL 

Up  to  the  present  time  but  few  of  these  forgiugs  have  been  completed 
and  submitted  for  test  by  the  Department;  the  work,  however,  is  in  a 
forward  state  of  completion.  The  results  of  the  tests  of  sach  of  these 
forgings  as  have  been  completed  are  given  below : 


» 

MmuIU  of  tensile  tents  of  tangential  specimen b  from  fnrging$  for  the  parts  of 

hree<^-loading  field  guns. 


[Length  of  apeoimen,  2  inchea;  sectional  area,  0.2  of  a  aqnaare  Ineb.) 


[XatareofpieoOk 


Jaoket... 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Sleeve  . . . 

Do 

Do 

Do 

Base  rlofr 

Do..... 

Do 

Do 

Do 

Do 


Pi 


1 

1 
» 

2 
*3 

♦a 
•i 

•4 

*5 
*5 

8 

6 

*7 

•7 

-8 

*8 

•9 

•9 

1 

5 

10 

15 

1 

5 

10 

15 

20 

25 


i 


^ 


1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


t' 


7i 


I 


Pcunda. 
52,000 
50, 000 
00.000 
57,000 
60,000 
67,000 
59.000 
52.000 
56,000 
56.000 
48,000 
48,000 
46,000 
45,000 
46.000 
4^  OIK) 
50.000 
48,000 
61, 0«0 
56,000 
55,000 
59, 0410 
5.%  000 
57,  UOO 
53.000 
57,000 
59,000 
47.000 


t-i 

Tensile  strenirth  per 
sqoate    inch     of 
original  section. 

•s 

i 

Eloneation  per  in 
under    strain 
elastio  limit 

Elongation  per  in 
after  mptare. 

Bednotion  in  ai 
after  rupture. 

• 

1 

Inehst, 

Founds. 

Ftremt 

.001600 

99.100 

.20 

40.5 

7.8aH 

.  0<il500 

95,000 
106.000 

.165 

24.0 

.002500 

.165 

aas 

7.8m 

.001850 

99,400 
107.300 

.185 

43.5 

.  002400 

.130 

18.2 

7.8580 

.002500 

107,250 

.160 

23.9 

.001800 

104.100 

.105 

13.5 

7.8M 

.001750 

104, 000 

.180 

17.0 



.001650 

109.000 

.195 

37.1 

7.87S9 

.002030 

100.  OUO 

.185 

20.6 

•»     «••*«* 

.001400 

94,450 

.210 

43.2 

7.8SBI 

.001700 

94.750 

93,050 

.215 

46.2 

.00I6.S0 

.215 

4&S 

7.8in 

.001750 

90,500 

.235 

30.7 

.001550 

91,400 

.245 

37.1 

7.88N 

.  001H50 

94,000 

.175 

27.4 

.001700 

98.750 

.175 

S7.1 

7.8841 

.001550 

99.600 

.125 

6.7 

.002100 

109,500 

.205 

4as 

7.8821 

.001950 

106,500 

.150 

80.7 

7.8827 

.001800 

105,000 

.185 

84.0 

7.8636 

.002000 

110.000 

.1.W 

80.7 

7.88S6 

.001850 

103,560 

.19 

10.7 

7.8578 

.001900 

110.500 

.15 

23.9 

7.8B67 

.001750 

102,900 

.17 

M 

7.8648 

.OUIHOO 

109,0ii0 

.196 

8a7 

7.8181 

.002150 

107,760 

.165 

84.0 

7.8616 

.001500 

102.900 

.19 

8017 

7.8n2 

*  Not  accepted  on  these  teats. 
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'«*tf  99mprm9iom  tmU  qf  tangwUal  $peomen9  from  for^ng$  far  ike  parti  of  3.ft-<fiolk 

9Uel  breeok'loading  fitld  gum. 

(Length  of  fpedmen,  4.5  inohet ;  aeetional  area,  0.5  of  » iqiiftro  iaoli.1 


VfttoM  of  piaoa. 


Jacket 

0o 

Do 

Do 

Do 

Do 

Do , 

Do 

Do 

Baao-riDg....  . 

Do...'. 

.     Do 

Do 

Do 

Do 

Obtorator  stem 

Do 

Do 

Do 

Do 

Do 


i 


e 

I 

a 

d 


1 

2 

8 

i 

6 

6 

7 

8 

9 

1 

5 

10 

15 

20 

25 

1 

5 

10 

15 

20 

25 


i 

a 

I 


e 

a 

9 


8 
8 
3 
8 
8 
8 
8 
8 
8 
2 
2 
2 
2 
2 
2 
1 
1 
I 
1 
1 
1 


I 
ra 

1% 


Pounds 
4H,000 
54,000 
50.UO0 
5|4,000 
54,0U0 
50,0110 
48,000 
4'J.OUO 
54.000 
40.CH)0 
57.000 
50.000 
69.000 
51,  (MM) 
50,000 
60.000 
GO.  000 
73.000 
57.000 
03. 000 
65,000 


15 

u 


«9J!. 


«4i 


Inch. 
.001000 
.OOIS.'W 
.001050 
.001050 
.001900 
.001500 
.001600 
.001300 
.002000 
.001400 
.001800 
.001800 
.001800 
.00I61K) 
.001500 
.0018(K) 
.  001750 
:  002400 
.UOlhOO 
.0412100 
.0C23U0 


Hi 


gsrs 


PouiMff. 

95,800 

100,100 

105.800 

104.000 

99,300 

95, 200 

96.200 

89,000 

94,8U0 

101, 100 

108,480 

105,800 

100. 840 

100. 9C0 

95.900 

100,400 

110.900 

110^  7(H) 

104,480 

113,160 

112,160 


UBB,  JACKET,  AND  TBUNNION  HOOP  FOB  AN  8INCH  STEEL  BBEBGH- 

LOADING  BIFLE. 


On  the  Ist  of  l^ovember  last,  yoa  forwarded  to  the  Midvale  Steel 
OompaDj  a  circalar  letter  inclosing?  drawings  giving  the  dimensions  of 
die  tubes,  jackets,  and  trunnion  hoops  for  8iuch  and  10 inch  steel 
breech-loading  rifles,  asking  the  price  per  pound  at  which  rough  finished 
forgings  of  the  dimensions  given  could  be  furnished,  and  what  time ' 
would  be  required  to  deliver  one  set  of  each;  on  the  15th  of  November 
the  Midvale  Steel  Company,  acknowledging  receipt  of  this  letter,  in- 
vited attention  to  the  fact  that  they  were  engaged  in  adding  to  their 
plant,  and  would  shortly  be  able  to  furnish  all  the  parts  of  an  8  inch 
steel  rifle,  and  were  very  desirous  at  some  future  date  of  attempting 
the  manufacture,  if  the  Department  would  furnish  drawings  of  the  parts 
desired.  In  forwarding  this  letter  to  the  Department  es]>ecial  attention 
was  invited  to  the  fact  that  with  the  proposed  addition  to  the  plant,  which 
would  enable  the  Midvale  Steel  Company  to  manufacture  the  forgings 
for  all  the  parts  of  a  high-power  8-inch  steel  rifle,  the  Dei>artment  would 
be  able  to  fabricate  such  guns  in  which  all  the  parts  would  be  of  home 
production  (for  the  Midvale  Steel  Company  had  alrea<ly  produced  excel- 
lent hoops  for  a  gun  of  this  caliber,  the  tube,  jacket,  and  trunnion 
Loops  for  which  were  furnished  by  Sir  Joseph  Whitworth  &  Co.);  that, 
if  successful,  a  step  could  be  made  toward  the  production  in  this  coun- 
try of  guns  of  the  larger  calibers  to  be  used  in  our  fortifications;  that 
the  experience  gained  would  be  of  value  in  connection  with  many  ques- 
tions of  detail  arising  in  work  of  making  still  larger  forgings,  and  that 
the  piodaction  of  8-iuch  steel  rifles  would  soon  become  a  matter  of  cur- 
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rent  fabrication,  for  T^hich  the  Department  could  depend  on  Iioim 
products  exclusively,  and  the  way  would  be  clear  to  enter  upon  the 
kirger  field  of  study  and  experiment  which  the  production  of  the 
heavier  calibers  would  require.  On  the  2d  of  April  proposals  were  in- 
vitedf  by  advertisement,  for  furnishing  the  three  forgings  ennmerated 
above  for  an  8-inch  gun  of  open-hearth  steel  of  American  prodactioo, 
and  the  contract  was  awarded  to  the  Midvale  Steel  Company  on 
April  20. 
The  forgings  are  of  the  following  rough-finished  dimensions : 


Katnre  of  pieM. 

Interior 
dUmeter. 

Bxterior 
diaaitfter. 

Length. 

Bemsrka. 

Tabe 

Indua. 
7.26 

no 

>  14. 826 
28.26 

(16.5    ) 

<  18.25  > 

(14.0     S 

28.875) 

24.6     5 

8L86 

964 

110 
1&76 

With  rimbMes  and  trvudoiM. 

Jaolcet 

Tnumionhoop.. 

and  the  metal  is  required  to  have  the  following  phyaioal  qualitieB : 


BlMtio  limit,  48,000  ponnds  persqime ' 
inch. 


Tube ^Tensile  ■trength,  90,000  ponadaper 

•qoare  inoh. 

Xlimgation  after  raptare,  2t  per  cent. 


^  o  a  ^ 


fSlaetIo   limit,  46^000 
aqoare  Ineh. 

Tenaile  atrangth,  82,000 
aqoaireincli. 


Jacket. 


Elastic  limit,  50, 000  ponnda  per  aqnarel  %  g  ■  • 
inch.  5  o  §  iL 

;  Tensile  strength,  08,000  ponnda  per  >i%  Si*^  * 
I     aqoare  inch.  Jq**^ 

Elongation  after  mptare,  10  per  cent. 


1  9M 


Mfio 


'  Elaatlo  limit,  45, 000  pounds  per  aqnara  )  %  g 


Tnumion  ring.  < 


inch. 


Tensile  strength,  06,000  ponnds  per 
square  inch. 


Elongation  after  mptnre,  15  percent. 


•  o 


•  "  tt  o 


Blongatioin  after  raptai%  18  ptr 
cent. 


Ehwtio  Umitt   48,000 
aqoare  ineh. 


Tensile  strength.  88,000  poonds  psr 
square  Inch. 

KloBgatlon  aAer  mplan^  17  pm 
cent. 


Elastic  limttt  42;080  poods  p« 
squara  fnelL 

TrasUe  strength,  88,000  psvadi  par 
square  inch. 

Xloagatlni  after  fnptu%  12  par 
cent. 


The  tube  and  jacket  were  to  be  forged  from  ingots  weighing  aboot 
twice  as  much,  and  having  a  sectional  area  from  three  to  four  times  as 
great,  as  the  solid  forging,  and  to  be  from  the  lower  part  of  the  ingots. 

At  the  present  time  the  tube  and  jacket  have  been  forged,  and  the 
tube  is  being  rough  finished.  The  tensile  tests  of  specimens  taken  from 
the  ends  of  the  tube  forging  show  that  its  qualities  are  good.  Tests 
from  the  jacket  have  not  been  quite  so  satisfactory. 

No  work  has  been  done  on  the  trunnion  hoop. 


SXPEBIMENTAL     TRUNNION 


POR    8- INCH 
RIFLB. 


8TESL    BRREOH-LOADINO 


This  experimental  forging  is  to  be  delivered  in  the  rough  forged  state^ 
excepting  that  it  will  be  cored,  and  it  is,  after  acceptance  as  to  phjsieal 
qualities  on  the  regular  tensile  tests  of  the  metal,  to  be  thoroughly  and 
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sxhaastiyelj  tested  both  by  uiacbine  tests  of  specimens  and  by  sbrink- 
ige.  It  is  required  to  possess  the  same  physical  qualities  as  the  trunn- 
on  hoop  to  be  delivered  with  the  Sinch  tube  and  jacket.  It  has  at 
:hi8  time  been  forged,  and  is  ready  for  treatment. 

F0B61NGS  AND  CASTINGS  FOR  STEEL  SHELLS. 

These  shells,  six  in  number,  to  be  used  in  experiments  with  nitro- 
f^lycerine,  were  made  as  follows :  One  forged  and  one  cast  projectile 
iras  made  from  each  of  three  kinds  of  metal,  and  after  rough  finishing 
were  oil  tempered.    The  results  of  the  tests  of  the  metal  are  as  follows: 


Wrom  forged  slieUt* 
FromoMt  sheHs* 


•i 


II 


Pminia, 
164.845 
161,802 
m.708 
1M.808 
180, 101 
152,820 


Pi 


II 


Imh, 
.085 
.845 
.05 

0 

0 
.01 


h 


PerethL 
0 
0 

5.6 
0 
0 

0.88 


*  Length  of  epeolmen,  2  inchee.    Seottonel  are*,  0.2  of  a  eqiiAre  inoh. 

It  is  hoi>ed  that  the  results  of  the  firing  with  these  shells  will  give 
Bome  valaable  information  as  to  the  best  metal  to  be  used  for  steel  pro- 
jectiles. 

ONE  BISK. 

This  disk,  to  be  used  in  making  some  addition  to  the  8-inch  Yates  gun, 
was  forged  from  an  ingot  of  a  heat  of  ordnance  metal,  by  upsetting 
and  roanding,  and  treated  to  obtain  a  tensile  strength  of  about  85,000 
pounds  and  an  elastic  limit  of  about  36,000  pounds. 

EXPEBIHENTS. 

(1)  To  determine  the  condition  of  the  metal  before  treatment,  speci- 
mens were  takei^  from  12-inch  rifle  hpop  A 13,  and  tested  at  Watortown 
ArsenaL    The  results  are : 
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Pi 


Inside  . . 
Oatolde 


bit 


«ii 


34,000 
87,000 


m  I 


.001838 
.001367 


9. 
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83600 
88000 


u-Jt 


.1883 
.205 


■^1 

o 


i 


89.2 
83.5 


i 


OQ 


7.8575 


14.8 


*  Length  of  epeelmen,  6  inchee.    Seotiona]  ftre»»  0.25  of  a  aquftre  inoh. 

A  comparison  of  these  results  with  those  obtained  in  the  tests  of  spec- 
imens taken  after  oil  tempering  and  annealing  for  the  acceptance  of  the 
)ioop  will  show  the  result  of  the  treatment. 
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(2)  The  question  having  been  raised  whether  heating  hoops  or  other 
parts  of  a  built-np  gan  composed  of  oil-tempered  and  annealed  steel 
would  not  injure  the  metal,  some  pieces  of  12-inch  rifle  hoop  Bz,  larj^e 
enough  to  furnish  test  specimens,  were  heated  very  slowly  in  hot  air  to 
about  52(P  F.,  and  held  at  that  temperature  for  a  short  time.  The 
pieces  were  taken  in  close  proximity  to  each  other,  and  one  inside  and 
one  outside  specimen  were  heated  together.  Two  of  these  after  heating 
were  buried  in  powdered  lime  so  that  they  should  cool  very  slowly,  and 
the  other  two  were  allowed  to  cool  in  air,  that  is,  about  as  rapidly  as  a 
part  of  a  gun  in  assembling  would  cool.  The  specimens  turned  from  the 
pieces  gave  the  following  results : 
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1 

2S  o 

^1 

1^1^ 

51 

at 

5*- 

28 

B5- 

S  azS 

s 

1 

ai-H 

iSJd 

Ma^ 

^ 

A4 

H 
Pounds, 

H 

H 

M 

Inch. 

Poundt. 

Indi. 

Pr.ttnL 

11 

Inaiile 

62.000 

.001750 

100.280 

.165 

SO.  2 

12 

Outside... 

54.000 

.001717 

1U4.70O 

.1397 

8&4 

18 

Inaifle .... 

4R.000 

.001550 

00,800 

.1617 

41.9 

M 

Ouiaide... 

53,000 

.001807 

108,040 

.1517 

88.2 

*  Length  of  epeoimen,  8  inches.    Sectional  «re%  0.25  of  ft  wjonre  Inch. 

A  comparison  of  these  results  with  those  obtained  in  the  tests  of  the 
ordinary  specimens  from  this  hoop  shows  how  little,  if  any,  falling  off 
took  place  on  account  of  the  heating.  The  chemical  analysis  of  tliia 
metal  was  about  that  which  had  been  shown  by  experiment  to  be  the 
most  easily  afi'ected  by  heating  within  the  range  suitable  for  ordnance 
purposes,  and  seemed  to  show  that  the  mere  heating  of  the  several  pam 
of  a  gun  up  to  500^  or  GOOO  F.  (about  what  is  required  for  shrinkage 
pur])oses),  does  not  materially  ali'ect  the  metal. 

(3)  In  July  last,  in  compliance  with  your  instructions,  an  experiment 
was  made  to  determine  tbe  effect  of  pouring  molten  cast  iron  about  a 
piece  of  oil-tempered  steel.  The  metal  selected  was  from  the  mnrzle 
end  of  a  tube  for  8-inch  converted  rifles  which  had  been  rejected  on  n& 
count  of  poor  tests  from  the  breech  end,  a  piece  15  inches  long  being  cot 
from  the  muzzle  end  for  the  purpose. 

A  light  finishing  cut,  about  2  inches  in  length,  was  taken  on  tbe  bore 
of  this  piece  at  the  end  from  which  test  specimens  had  been  taken.  As 
no  accurate  calipers  for  making  fine  measurements  were  at  band,  a 
gange  rod  was  made  to  accurately  fit  this  finished  bore,  measurements 
being  taken  at  two  scored  diameters  at  right  angles  to  each  other.  As 
it  was  desired  that  the  expansion  of  this  piece  of  tube  due  to  the  beat- 
ing of  the  molten  caist  iron  should  be  at  least  0.02  inch  on  the  diam- 
eter, another  gauge  rod  was  made  0.02  inch  longer  than  the  first  one, 
to  be  used  to  determine  when  the  piece  of  tube  with  the  molten  cast 
iron  about  it  had  expanded  that  amount. 

The  weight  of  cast  iron  to  be  used  was  determined  from  a  considera- 
tion of  the  specific  heats  of  the  two  metals,  the  weight  of  the  piece  of 
tube,  and  the  melting  point  of  cast  iron,  with  a  view  to  obtaining  a 
temperature  of  not  over  600o  F.  in  the  steel ;  of  course  the  surface  of 
contact  in  the  steel  was  liable  to  be  heated  to  a  much  higher  temper- 
ature than  600O  F.,  but  it  was  hoped  by  removing  the  cast  iron  as  soon 
as  possible  that  the  steel  would  not  be  raised  to  an  excessively  high 


BEPOBT  OF  THE  CHIEF  OF  OBDNANCE. 


465 


^emperatare,  and  it  was  deemed  best  to  make  a  calcnlation  under  a  sup- 
position that  would  give  a  definite  empirical  rule  that  could  be  fol- 
owed  in  any  subsequent  similar  heating  operation. 

The  amount  of  cast  iron  required  was  found  to  be  about  120  pouude, 
nviug  a  thickness  of  about  0.8  inch  of  metal  about  the  piece  of  tube. 
Fhe  piece  of  tube  was  placed  with  its  axis  vertical  in  a  green  sand 
nold,  and  was  sunk  about  1  inch  in  the  lower  flask  of  the  mold  to  pre- 
sent the  molten  metal  from  running  under  the  bottom  and  so  up  into 
:he  bore. 

Two  flat  bars  of  steel  0.25  inch  thick  were  placed  vertically  in  the  mold 
n  the  space  to  be  filled  with  cast  iron,  and  opposite  to  each  other  to 
facilitate  stripping. 

After  the  piece  of  tube  had  been  set  in  the  mold  and  everything  was 
in  readiness  for  pouring  the  cast  iron,  a  final  measurement  was  made 
nrith  the  gauge  rod  at  the  scored  diameters  to  determine  that  the  meas- 
arements  previously  taiien  were  correct.  In  pouring  the  mold  was 
ftlled  in  0.5  minute ;  as  soon  as  the  mold  was  full,  and  as  rapidly  as 
possible  thereafter,  measurements  were  taken  with  the  gauge  rod  0.02 
inch  longer  than  the  original  diameter,  the  measurements  alternating 
on  the  scored  diameters. 

Expansion  took  place  very  suddenly  two  nrinntes  after  the  mold  was 
full,  and  was  a  little  more  than  0.02  inch  ;  verifying  insertions  of  the 
longer  gauge  rod  were  immediately  made  on  each  scored  diameter,  the 
flask  lifted,  and  the  cast  iron  stripped  from  the  tube.  The  piece  of  tube 
was  entirely  free  from  the  hot  cast  iron  in  1.5  minutes  after  the  expan- 
sion took  place,  and  was  allowed  to  cool  in  the  open  air.  Measurements 
taken  twenty-five  minutes  after  the  tube  was  free  from  the  cast  iron 
showed  that  the  tube  had  not  up  to  that  time  contracted  appreciably. 
The  metal  was  poured  late  one  evening,  and  the  tube  was  allowed  to  stand 
over  night ;  measurements  on  the  scored  diameters  taken  the  following 
morning,  about  thirteen  hours  after  the  pouring,  with  the  primitive 
gauge  rod  showed  that  the  tube  had,  as  nearly  as  could  be  determined, 
contracted  to  its  original  diameter.  Four  specimens  were  then  cut 
from  this  end  of  the  tube,  their  axes  being  about  1.5  inches  from  the  end, 
t.  e,j  from  the  top  of  the  piece  of  tube  as  it  stood  in  the  mold.  The  tests  of 
these  specimens  have  shown  that  the  physical  qualities  of  the  metal 
were  not  changed  by  the  operation.  Summary  of  the  results  of  tests  of 
specimens  before  and  after  the  pouring  is  as  follows : 
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*  Leof^th  of  specimen,  3  inohee.    SecUonel  area,  0.25  of  a  square  inch, 
f  Before  ponnng. 
t  After  pouring. 
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PBOGRESS  REPORT  UPON  THE  MANUFACTURE  OF  50  ^INCB  UTZZll- 
LOADING  RIFLES  VONVERTED  FROM  10- 1 SCH  RODMAN  SMOOTB-BnkL 
GUNS  BY  LINING  WITH  A  STEEL  TUBE  INSERTED  FROM  THE  Mrz, 
ZLE. 

By  Lieut.  Roqers  Birnie,  Jr.,  Ordnance  Department. 

(1  plate.) 

West  Point  Foundby, 
Gold  Spring,  N.  F.,  October  3, 1885. 

General  :  I  Lave  the  bouor  to  report  herewith  the  present  state  u{ 
progress  under  contract  of  December  16,  1884,  with  the  West  P«iint 
Foandry  Association  for  the  manufactare  of  fifty  dinch  mnzzleloadin^' 
rifles  converted  from  lOinch  IU)draan  smooth-bore  guns  by  liuing  witb 
a  steel  tube  inserted  from  the  muzzle. 

None  of  these  guns  are  yet  completed,  but  a  number  are  in  a  forwanl 
state  of  progress  and  ten  will  be  completed  at  an  early  date. 

A  description  of  the  gun  is  given  in  the  Report  of  the  Chief  of  Onl 
uancf^  for  the  year  1884,  pp.  12-14.  That  report  also  contains  (page  Sil^ 
an  account  by  Lieutenant  Borup,  United  States  Ordnance  Departiut*iii, 
of  the  construction  of  one  of  these  guns  intended  for  ex|H*rimental  |«jr 
poses,  and  (page  244)  an  account  of  the  satisfactory  trial  of  tLe&iiix* 
gun  at  Sandy  Hook  Proving  Ground. 

Fifty-six  lO-inch  Rodman  smooth-bore  guns,  for  use  as  casings,  arv 
on  hand.  They  were  received  in  lots  as  follows:  Eight  from  fort  at 
Sandy  Hook,  January  3,  1886 ;  eight  from  Fort  Schuyler,  New  Turk 
Harbor,  January  10,  1885 ;  ten  from  Fort  Schuyler,  New  York  Uarlw, 
February  2,  1885;  thirty  from  Fort  Monroe,  Virginia,  June  30, 18H5. 

These  smoothbore  guns  include  the  following  service  numbers,  viz: 

Fort  Pitt  Foundrvnumhers,  253,  254,  255,  296,  297,  315, 316,  317,  ais, 
322,  324, 327,  332,  333,  335, 35<),  382, 390, 393, 395, 420, 428, 429, 43(1,  iU. 
432,  434,  435,  437,  500,  505,  523,  524,  561. 

West  Point  Foundry  numbers,  33,  35,  36,  37,  38,  39,  40, 138, 139,  U«. 
141,  142,  143, 144, 145,  146,  147,  148,  149,  150,  151,  152. 

Fifty  of  these  guns  have  been  fully  prepared  as  casings  for  the  inser 
tion  of  the  steel  tube  except  that  the  gas  escape  hole  is  not  yet  drillHi 
in  three  of  them.  This  preparation  includes  the  enlargement  of  the 
original  smooth-bore  to  13.0  inches  diameter,  the  boring  and  threadiu^ 
of  the  recess  for  the  muzzle-collar,  and  the  drilling  of  the  gas-escajie 
hole.  The  holes  for  the  securing-pin  and  vent-bushing  will  be  ma<lt 
after  the  insertion  of  the  tube. 

The  steel  forgings  for  tiie  tul>e8,  breech-cups,  and  muzzle-collars  are  in 

course  of  fabrication  by  the  Midvale  Steel  Company,  Philadelphia,  Pa. 

The  tests  for  the  physical  qualities  of  the  metal  are  made  and  the  k\p 

ings  are  inspected  and  passed  upon  by  the  resident  inspector  at  thestetl 
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works  before  being  shipped  to  this  foundry  where  the  finishing  and  fit- 
ting  of  the  pieces  is  done.  The  tubes  and  muzzle-collars  when  received 
are  rough  finished  interiorly  and  exteriorly  ;  the  breech-cups  are  rough, 
solid  forgings.  Up  to  this  date  the  following  steel  forgings  have  been 
receiveii,  viz  :  27  tubes,  50  muzzle-collars,  and  37  breech-cups. 

The  following  constitute  the  principal  operations  upon  the  tube,  which 
is  closed  at  the  breech  end  by  the  breech -cup :  1,  the  tube  is  centered 
and  bearings  are  turned  for  mounting  it  in  the  boring  bed;  2,  it  is 
rough  bored  to  a  diameter  about  one-sixteenth  of  an  inch  under  finished 
size,  and  at  the  same  time  is  rough  turned  over  the  whole  exterior 
length;  3,  it  is  removed  to  a  lathe  and  the  seat  for  the  breech-cnp  is 
finished  and  threaded;  4,  the  breech-cup  is  inserted  and  the  tube  tlien 
subjected  to  a  water  pressure  of  120  pounds  to  teat  the  tightness  of  the 
thread  joint ;  5,  the  tube  is  again  placed  in  the  bed  and  finished  bored ; 
6,  the  tube  is  rifled ;  7,  it  is  finished,  turned  outside  to  fit  the  casing, 
and  the  muzzle-collar  designated  for  it  and  is  then  tried  in  the  casing : 
8,  before  the  final  insertion  the  bore  is  "lapped"  with  a  half  round 
cylinder  of  lead,  using  emery  and  oil  to  grind  and  polish  the  surfaces 
of  the  grooves  and  lauds. 

To  prepare  the  breech-cup  for  insertion  it  is  first  rough  turned  and 
face<l  at  the  ends;  the  cup  proper  is  then  cut  and  fine  finished, and  the 
surplus  length  at  the  base,  varying  from  0.875  to  1.5  inches,  is  faced  on 
two  sides  to  afford  a  hold  for  the  wrench  used  for  screwing  the  piece 
home ;  finally  the  thread  is  cut  to  suit  that  already  made  in  the  tube. 

The  operations  upon  the  muzzle-collar  comprise,  1,  roui:h  turning 
the  exterior;  2,  rough  and  tine  finishing  the  interior ;  3,  cutting  the 
thread  and  turning  the  exterior  to  fit  a  designated  casing,  in  which  op 
eration  the  ring  is  mounted  upon  a  mandrel. 

The  above  is  an  outline  of  the  piincipal  operations  required  in  the 
manufacture  of  the  gun  as  far  as  the  insertion  and  complete  assem- 
blage of  the  tube,  casing,  and  muzzle-collar.  When  that  is  done  it  re- 
mains to  insert  the  securing  pin  and  vent  bushing  and  stop  the  old 
vent.  None  of  the  tubes  have  as  yet  been  assembled,  but  in  connection 
with  the  above  the  progress  of  the  work  on  the  steel  parts  may  be 
shown  by  the  following : 

Of  the  twenty-seven  tubes  received  to  date  all  have  progressed  as  far 
as  to  include  the  stage  of  rough  boring,  16  have  the  breech-cups  in- 
serted and  are  finished  bored,  10  are  rifled,  5  are  finished  exteriorly 
and  fitted  to  casings  and  muzzle-collars,  and  3  have  been  ^Mapped"  and 
polished  in  the  bore. 

In  addition  to  the  16  breech  cups  assembled,  6  others  are  rough 
threaded  preparatory  to  fitting  and  insertion  in  a  designated  tube. 

Of  the  muzzle-collars  14  have  been  fitted  to  casings  and  13  others  are 
prepared  for  the  threading. 

In  the  inspection  of  material  only  one  piece  has  been  rejected  to 
date,  viz :  Breechcup  forging  No.  4,  for  fine  seams  left  exposed  in  the 
finished  surface  of  the  cup  proper.  In  several  of  the  cast-iron  casings 
small  defects  have  been  uncovered  in  the  finished  bore  near  the  muzzle, 
but  none  which  could  be  considered  serious  enough  to  condemn  the 
casing  for  service. 

Very  respectfully, 

R.  BIRNIB,  JR., 
Lieutenant  of  Ordnance, 
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BenUts  of  tensile  testa  of  tangential  specimens  from  ends  of  tubes,  ft, 

[Length  of  speoimeii,  8  incbee;  tecUonal  areei,  0.85  of  a  equamlaelLj 
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The  muzzle  collars  were  manufactured  like  gun  hoops,  except  that 
after  for^ng  they  were  not  treated  in  oil,  but  caused  to  cool  slowly ; 
they  were  then  tested  by  the  Midvale  Steel  Company  under  the  super- 
Yision  of  an  inspector,  and,  if  satisfactory,  then  accepted  and  rough 
ftniahed. 

The  following  are  some  of  the  results  of  tests:* 
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TOBaHVaS  FOB  THE  PABTS  OP  TWENTY-FIVE  3.2-INGH  STEEL  BBEEOH- 

LOADING  FIELD  GUNS. 

These  parts  consist  of  tube,  jacket,  sleeve,  base  ring,  key  ring,  breech 
block,  obturator  stem,  lever  handle,  carrier  ring,  gas-checking  ring,  nut, 
and  tmnnion  hoop,  of  the  following  rough-finished  dimensions: 
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With  prq]eotion. 


With  proJeotloDS. 

With  rim  basee  and  tnumioaa. 


To  be  forgings  of  open- hearth  steel,  oil  tempered  and  afterward  an- 
nealed, ana  to  have  the  following  physical  qualities: 


Tab« 


Blaatie  Umit,  42,000  ponnda  per]  ^  ^  t-^ 
■qnweinch.  SIbbQi 

Tentdle  strength,  88,000  poonda  l  g  j  g'^i'  j 
per  aqoare  inch.  (9     6  g  b  ^ 
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Jteket^deeTe,breeoh 
Mock,  baae  ring, 
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cent. 

Elaatic  limit,  50,000  poonda  per 

square  inch. 
Tensile  atrv>ngth,  95,000  pounds 


Elastio  limit,  86,000  ponnda  per 

square  inoh. 
Tensile  strength,  80,000  ponnda 

per  sqnare  inch. 
Elongation  after  mptore,  12  per 

cent 


i! 


Iter  sqoare  inch. 
I  Elongation  after  mptare,  18  per  I  «^  o  gl 
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cent. 


Trannimi  hoop 


J  ^Elastic  limit.  48,000  pounds  per 
square  inch. 
Tensile  strength,  95,000  pounds 
per  sqnare  inch. 
I  Elongation  after  rupture,  15  per 
.     cent. 


Elastic  limit,  46,000  poonda  per 

square  inch. 
Tensile  strength,  88,000  ponnda 

per  square  inch. 
Elongation  after  mptoie,  16  per 

cent. 


Elastio  limit,  48,000  pounds  per 
sqnare  inch, 
w     w  J  Tensile  strength,  85,000  ponnda 
o  S  o  {     poi*  square  inoh. 
o  a"^    Elongation  after  r 
^■^»^^        cent. 


rupture,  18  per 


*  Length  of  specimen,  2  inchtis:  sectional  area,  0,2  of  a  square  inch. 
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EPORT  or  THR  WORK  DONE  FOR  THE  ORDNANCE  DEPARTMENT  AT  THE 
WORKS  OF  JONES  4-  LAUGHLINS,  RITT8BUR0H,  PA.,  DURING  TBE FIS- 
CAL YEAR  ENDING  JUNE  30,  1885. 

Bt  Lieut.  William  M.  Mbdcalfk,  Ordnance  Depabtmbnt. 

(2  plates.) 

ruder  contact  of  June  30, 1884,  the  firm  was  called  upon  to  cold  roll 
hirteen  steel  bars  for  the  lO-inch  Woodbridge  wire-wound  gun. 

Twelve  of  these  bars  were  24  feet  in  length,  one  being  a  half  bar,  12 
eet  iu  length,  for  experimental  purposes.  They  were  made  of  open- 
learth  steel,  and  were  manufactured  by  the  Otis  Iron  and  Steel  Oom  • 
mny,  of  Cleveland,  Ohio.  Each  bar  was  made  from  the  lower  half  of 
1 14  inch  square  ingot,  which  was  rolled  and  hammered,  while  hot,  down 
JO  4^  inches  square.  • 

The  bars  were  now  to  be  reduced  by  cold  rolling  to  3^^  inches  square^ 
D  the  smallest  practicable  number  of  passes. 

Before  delivery  to  the  contractors  the  bars  were  annealed  at  the 
Washington  navy-yard,  under  the  direction  of  Dr.  W.  0.  Woodbridge. 
The  following  description  of  the  operation  is  furnished  by  Dr.  Wo^- 
bridge : 

The  famace  in  whioh  the  bars  were  annealed  (and  subsequently  the  tube  for  the  10- 
inch  sreel  wire-wound  gun)  was  constructed  on  plans  furnished  by  me  for  the  Ord- 
DftDce  Bureaa  of  the  Navy  Department,  at  the  Washington  navy-yard. 

The  requirements  of  the  process  of  annealing  are  that  the  article  to  be  annealed 
iball  be  beaf-ed  with  uniformity  to  a  temperature  which  shall  reduce  the  elastic  re- 
DBtance  of  the  material  to  a  very  small  quantity,  and  subsequently  cooled  with  such 
degree  of  uniformity  as  not  to  introduce  strains  arising  from  irregular  or  dissynchro- 
Duus  contraction.    Oxidation  must  also  be  guarded  against. 

The  furnace,  which  is  represented  in  the  accompanying  drawing,  was  planned  with  a 
riew  t-o  meeting  these  requirements.  It  consists  of  a  long,  narrow,  and  covered  rect- 
angular incloHure  of  brick- work,  provided  with  supports  for  the  tube  or  bars  to  be 
annealed,  and  with  the  necessary  apertares.  The  whole  is  inclosed  within  end  plates 
and  back  staves,  connected  with  tie  rods.  The  bricks  chosen  for  its  construction 
were  made  from  the  clay  commonly  employed  iu  the  vicinity  of  Washington  for  brick 
making,  being  selected  from  a  kiln  of  ordinary  building  bricks,  by  attention  to  the 
appearnnces  indicating  the  degree  of  heat  at  which  they  had  been  burned.  It  was 
oecesHary  that  they  should  have  sufficient  strength  to  support  the  weight  they  were 
dentined  to  bear,  and  at  the  same  time  that  they  should  be  as  porous  as  possible,  so 
that  their  conductti  vity  for  heat  might  be  low.  Bricks  that  had  not  reached  the  point 
of  incipient  vitrification  were  therHfore  chosen — ^snch  as  had  attained  their  full  red 
eolor,  while  they  uiight  yet  be  regarded  as  '*  rather  soft."  The  temperature  indicated 
by  these  qualities  is  above  that  reached  by  any  part  of  the  walls  of  the  annealing 
foniace,  so  that  further  shrinkage  was  not  to  be  apprehended. 

The  cement  used  in  laying  the  walls  was  composed  of  molding-sand,  to  which 
about  one-fifth  part  of  common  clay  was  added,  and  enongh  of  a  mixture  of  molasses 
and  water  in  equal  parts  to  give  it  the  reqiii'«ite  plasticity.  This  mixture  dries  with- 
out apparent  contraction  and  forms  a  very  firm  cement  as  soon  as  dried,  retaining  its 
lireogih  through  all  the  ascending  steps  of  temperature  to  the  point  at  whioh  the 
•arbonaceons  residue  of  the  simp  is  consumed. 
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To  prevent  loss  of  beat  through  the  walls  of  the  furnace  by  convection,  it  wa« 
paint«*d  (or  varnished)  exteriorly  with  a  solution  of  silicate  of  soda,  to  which  Vene- 
tian red  was  added,  and  with  the  same  mixture,  with  the  further  addition  of  lith- 
arge, in  the  interior.    The  latter  mixture  fused  at  the  temperature  of  annealing. 

The  covering  of  the  furnace  rested  on  iron  plates.  It  consisted  of  molding-sand 
mixed  with  molasses  and  water,  filled  in  with  light  pressure,  and  covered  at  the  top 
with  closely-fitted  slates. 

Precautions,  too  often  omitted,  were  taken  to  prevent  the  expansion  of  the  int<erior 
iron  parts  from  bringing  strains  opon  the  walls,  and  for  keeping  the  walls  dry  when 
not  in  constant  uhc,  by  cutting  on  capillary  connection  with  the  ground. 

Doors  at  the  ends  of  the  furnace  are  provided  for  the  insertion  of  the  pieces  of  steel 
to  be  annealed.  They  are  closed  when  the  furnace  has  received  its  charge  with 
brick-work  laid  in  such  a  way  as  to  be  easily  removed  when  the  annealing  is  completed. 

The  doors  for  the  insertion  of  fuel  are  wholly  below  the  space  occupied  by  the  metal 
to  be  annealed,  and  are  at  the  same  time  the  only  outlets  for  the  air  admitted  for 
combustion.  Draft  holes  for  the  admission  of  air  are  placed  immediately  below  them. 
Both  doors  and  draft  holes  are  furnished  with  stoppers. 

The  fuel  employed  is  charcoal.  No  grate  bars  are  needed.  Small  ''peepholes," 
very  much  widened  verticallj^,  are  formed  in  the  walls  at  a  suitable  height  for  view- 
ing the  objects  to  be  annealed.  Hoods  of  sheet-iron,  connected  with  draft  pipes,  sre 
placed  above  the  doors  to  carry  up  the  escaping  gases  of  combustion,  but  take  no 
part  in  promoting  the  drafts  of  the  furnace. 

By  the  arrangement  described,  the  object  to  be  heated  and  annealed  is  placed  in 
what  might  be  called  an  inverted  pool  of  heated  gases,  forming  a  bath  from  which 
it  appears  to  take  its  temperature  with  ^reat  regularity  and  uniformity.  There  can 
be  no  strong  drafts  in  the  furnace,  localizing  its  neat,  since  the  column  of  heated  air 
to  which  draft  is  due  does  not  exceed  two  feet  in  height,  but  this  is  more  than  snffi- 
cient  to  procure  as  rapid  combustion  as  is  desirable.  The  quality  of  the  gases  of 
combustion  may  be  observed  as  they  escape  from  the  partially  closled  doors,  and  the 
supply  of  fuel  (which  should  be  dry  charcoal)  may  be  so  proportioned  to  the  air  ad- 
mitted as  almost  entirely  to  obviate  oxidation  in  heating. 

The  temperature  to  which  articles  of  steel  are  brought  for  annealing  is  indicated 
by  a  full  red  color.  This  heat  is  maintained  for  an  hour  or  more,  according  to  the  size 
of  the  pi^ce,  the  idea  being  that  more  time  is  probably  required  for  the  equalization 
(or  remission)  of  strains  in  a  large  mass  than  in  a  small  one. 

The  time  devoted  to  heating  the  furnace  and  its  contents-depends  in  part  upon  the 
necessity  of  imparting  such  an  amount  of  heat  to  the  furnace  itself  that  cooling  shall 
be  sufficiently  gradual. 

The  bars  for  the  staves  of  the  10-inch  gun  before  mentioned  were  all  annealed,  pre- 
paratory to  cold  rolling,  at  the  same  heat.  They  were  piled  upon  the  bearers  with 
small  bars  of  iron  between,  being  spaced  about  one  inch  apart,  both  laterally  and 
vertically. 

Heating  was  continued  abont  thirty-six  hours  with  very  gradual  progression,  the 
bars  attaining  a  full  red  heat.  The  furnace  was  then  closed,  and  every  opening  luted. 
At  the  expiration  of  four  days  the  temperature  was  found  to  have  fallen  below  the 
melting  point  of  tin,  but  apparently  not  much  below.  It  was  not  found  convenient 
to  remove  the  bars  for  more  than  a  week  later,  the  furnace  having  stood  open  for 
some  days,  and  the  bars  having  become  quite  cold. 

The  cold  rolliDg  of  rods  for  shafting  and  other  purposes  has  beeu 
extensively  practiced  by  the  present  contractors,  and  they  were  prob- 
ably better  equipped  for  the  woik  than  any  other  firm  in  the  country. 
The  reduction,  however,  usually  made  in  order  to  secure  a  hard  and 
perfectly  true  surface  for  shafting,  is  very  slight  in  comparison  to  that 
required  by  the  contract,  and  grave  doubts  were  entertained  by  the 
company  as  to  the  possibility  of  reducing  the  cross-section  one-third 
without  injury  to  the  bars  as  well  as  to  the  rolls.  The  Department 
therefore  assumed  the  expense  of  the  rolls,  which  had  to  be  cast  spec- 
ially for  this  work. 

The  first  pair  of  rods  was  made  at  Jones  &  Laughlius.  They  were 
of  chilleil  iron,  22  inches  outside  diameter  and  18  inches  in  length,  with 
a  single  triangular  groove  in  the  center.  The  angle  of  the  groove  was 
91°  and  its  depth  equal  to  half  the  diagonal  of  the  finished  bar.  Fig. 
2  shows  the  cross  section  of  the  groove.  The  bottom  of  the  groove  was 
formed  by  a  fillet  struck  with  a  radius  of  0.17  inch. 

The  rolling  was  commenced  on  the  8th  of  December,  1884.    The  re- 
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laction  was  made  as  rapidly  as  possible,  the  diagonal  of  the  short  bar 
x'as  cotnpresssed  0.41  inch  in  10  breakdowns  or  24  passes.  Three 
'oupliuga  having  broken,  the  rate  of  redaction  was  reduced  to  60  break- 
lowDS  or  120  passes  to  the  inch,  as  all  the  machinery  conld  stand.  Six 
nore  passes  were  made  when  the  lower  roll  broke,  the  line  of  fracture 
coinciding  with  the  bottom  of  the  groove. 

On  examining  the  unbroken  roll,  it  was  found  that  the  sharp  feather 
Mlge  formed  on  the  comers  of  the  bar,  during  the  reduction,  had  cut 
leoply  into  the  bottom  of  the  groove,  and  the  roll  showing  further  con- 
nderable  wear,  it  was  deem^  necessary  for  the  continuance  of  the 
w^ork  to  make  two  new  rolls.  The  failure  of  the  lower  roll  was  attrib- 
[ited  mainly  to  the  formation  of  a  sharp  e6ge  on  the  corners  of  the  bar, 
n-hieh  cat  into  the  groove  at  the  bottom  line  and  acted  as  a  wedge  to 
split  the  roll  open.  The  formation  of  this  cutting  edge  was  favor^  by 
the  depth  of  the  groove  which  increased  the  drag  of  the  bar  on  the 
bottom  of  the  groove  unnecessarily ;  by  the  comparatively  small  angle 
of  the  groove;  and  by  the  smallness  of  the  fillet  forming  the  bottom. 
To  remedy  these  defects  drawings  for  new  rolls  were  prepared  by 
Dr.  Woodbridge,  with  two  grooves  having  an  angle  of  93  degrees  and  a 
depth  considerably  less  than  that  of  the  grooves  in  the  first  rolls.  The 
fillet  at  the  bottom  of  the  grooves  was  made  as  large  as  possible,  being 
struck  with  a  radius  of  0.3  iuchc 

Fig.  No.  1  shows  the  form  of  cross-section  of  these  grooves.  The 
decrease  in  the  depth  of  the  grooves,  and  the  change  in  their  position 
made  by  the  substitution  of  double  groov^^es  for  the  single  groove  added* 
materially  to  the  strength  of  the  roll,  besides  increasing  the  lip  of  the 
roll  by  enabling  the  workmen  to  roll  alternately  in  each  groove  The 
increased  angle  and  the  large  fillet  at  the  bottom  of  the  groove  tended 
to  prevent  the  formation  of  a  cutting  edge  on  the  bar. 

The  new  rolls  were  also  made  b}*^  Jones  &  Laughlins,  and  the  work 
of  cold  rolling  was  resumed  February  12,  1885. 

[t  was  decided  to  reduce  the  bars  to  the  required  size,  3.43  inches 
square,  in  118  reducing  passes,  but  this  number  was  subsequently  re- 
duced to  109. 

Five  bars  were  successfully  reduced,  the  two  grooves  being  used  al- 
ternately, when  the  upper  roll  cracked  in  two  along  the  bottom  of 
the  left-hand  groove.  ITp  to  within  one  or  two  passes  before  the  roll 
gave  way  there  were  no  indications  of  its  failure,  and  it  was  supposed 
to  be  fully  able  to  stand  the  work  required  of  it.  On  examining  the 
fracture  the  chill  was  found  to  extend  in  five  or  six  inches  from  thecir- 
enmference  all  around,  and  in  streaks  nearly  to  the  center. 

In  the  opinion  of  Dr.  Woodbridge  and  the  inspector,  the  roll  had  re- 
ceived too  great  a  chill  and  its  strength  had  been  thereby  impaired. 
The  contractors,  however,  thought  the  fracture  showed  the  roll  to  be  a 
fair  one,  and  further  stated  that  it  was  impossible  to  regulate  with  ac- 
curacy the  depth  of  chill. 

After  visiting,  in  company  with  Dr.  Woodbridge,  a  number  of  works 
iu  Pittsburgh,  the  inspector  came  to  the  ooncluHiou  that  Garrison  & 
Co.,  had  probably  the  most  experience  in  casting  chilled  rolls,  and  as 
they  agreed  to  guarantee  the  depth  of  chill,  which  was  placed  at  2 
Inches,  the  depth  of  the  grooves  being  1^  inch,  a  new  roll  was  ordered 
from  them,  after  having  i-eceived  the  necessary  authority  from  the  Chief 
of  Onlnance. 

The  new  roll  was  ready  and  the  rolling  recommenced  on  April  22, 
1885. 
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The  bars  were  rolled  at  the  rate  of  two  a  day  and  the  operatioii  com 
pleted  without  any  accident. 

The  rolls  stood  the  work  well  and  did  not  require  redressing.  Thej 
appeared  to  be  perfectly  soand  and  capable  of  doing  considerable  iar- 
ther  work  after  the  rolling  was  finished. 

The  rapidity  of  reduction  was  reduced  somewhat  so  as  to  be  on  the 
safe  side,  from  132  to  140  breakdowns  being  used  to  reduce  each  bar 
instead  of  109  as  previonsly  adopted. 

The  bars  were  afterwards  straightened  and  shipped  to  the  oommaod 
ing  officer  of  Watertown  Arsenal. 
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Appendix   47. 


lEPORT  OF  THE  MANUFACTURE  OF  STEEL  GUN-WIRE  AT  THE  TRENTON 
IRON  WORKS  DURING  THE  FISCAL  TEAR  ENDING  JUNE  30,  18d5. 

Bt  Lirut.  Wiluam  M.  Medcalfb,  Ordnancb  Department. 

Under  contract  of  Jnne  30, 1884,  tbe  Trenton  Iron  Company  was*  re- 
[uired  to  convert  75,000  |K)uud8  of  steel  into  wire  for  gun-constraction. 
?he  steel  was  furnished  by  the  Ordnance  Department  in  the  form  of 
nllets,  2  inches  square,  an«l  weighing  about  80  pounds  each. 

These  billets  were  manufactured  by  the  Otis  Iron  and  Steel  Company. 
[*hey  were  of  open -hearth  steel,  and  had  been  required  to  show  the 
ollowing  properties:  Tenacity  per  square  inch,  not  less  than  70,<NtO 
mands;  nltimate  elongation,  not  less  than  30  per  cent.;  reduction  in 
irea  of  cross-seetion,  50  per  cent.  (See  tests.  Appendix  30,  Beport  of 
:hief  of  Ordnauce,  1S84.) 

In  the  form  of  wire  it  was  expected  that  the  tenacity  would  be  in- 
roa.sed  to  160,000  pounds  per  square  inch,  and  the  elastic  limit  raised 
rom  about  40,000  pounds  to  110,000  pounds  per  square  inch,  sufficient 
luctility  being  retained  to  permit  the  wire  being  wrapped  around  itself 
rithout  fracture. 

Ten  specimens  taken  from  the  same  coil  and  tested  at  Watertown 
irsenal  gave  the  following  results,  the  distance  between  measuring- 
)oints  being  10  inches : 
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The  elastic  limit  in  these  specimens  was  not  well  defined,  but  was 
irobably  in  the  neighborhood  of  100,000  pounds.  (See  report  of  test 
lereto  appended.) 

To  obtain  these  qualities  it  was  considered  necessary  to  limit  the 
Danufacturers  to  a  sincfle  annealing,  applied  after  the  billets  had  been 
rolled  into  ro«ls,  the  ro<ls  being  then  drawn  without  further  annealing 
torn  0''.5  to  O'MS  sqnare  wire. 

This  required  ten  draughts,  and  as  four  or  five  is  the  largest  rumber 
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asaally  made  before  retaruing  the  metal  to  the  aaiiealer,  the  o|)eratioQ 
was  at  first  ueceHsarily  somewhat  of  au  experiment. 

The  extreme  hardness  acquired  by  the  wire  after  several  draii^liU 
and  the  squai*e  form  of  cross-sectioo  combined  to  make  the  actioa  oa 
the  draw-plate  very  severe,  and  for  some  time  it  was  doabtfai  if  the 
ordinary  style  of  draw-plate  could  be  used. 

The  delivery  of  the  billets  was  not  completed  until  September  H. 
1884.  The  contract  required  the  completion  of  the  wire  six  montL< 
after  the  receipt  of  the  steel.  The  many  difficulties  ex|)erieooed«  com- 
bined  with  the  inherent  slowness  of  the  operation,  prevented  the  com- 
pletion of  the  work  in  the  time  specified.  The  time  allowed  was,  at  ilie 
request  of  the  company,  extended  by  the  Chief  of  Ordnance  to  Septem 
ber  20,  1885. 

On  June  30,  1885,  all  the  wire  was  under  way  in  the  various  Bta«n!« 
of  manufacture,  though  but  a  small  amount  had  been  ftnisheil — a  fact 
partly  due  to  the  uncertainty  which  had  existed  as  to  the  best  method 
to  be  adopted  in  tinning. 

The  state  of  progress  at  that  time  was  as  follows:  10,700  poan<hi 
finished  wire  tinned,  25,600  pounds  wire  complete  as  to  drawing,  9,*^Jd 
pounds  wire  partly  drawn,  18,700  pounds  J-inch  rods. 

The  operations  through  which  the  billet  passes  in  its  transformatioit 
into  wire  are :  heating,  rolling,  pointing,  annealing,  pickling,  lime-coat- 
ing,  baking,  lubricating,  drawing,  and  tinning. 

HEATING. 

The  furnaces  used  for  heating  the  billets  are  low  reverberatory  coal- 
furnaces,  and  the  loss  of  weight  due  to  oxidation  is  considerable. 

The  average  loss  for  cast-steel  is  about  4.5  per  cent.  The  billets  t^ 
main  in  the  iurnace  about  an  hour,  the  blast  being  kept  up  until  the? 
have  acquired  a  full  heat.  In  the  ca^e  of  twenty  billets  which  were 
rolled  separately  for  experimental  purposes,  the  furnace,  which  had 
previously  been  used  for  heating  iron,  was  quite  hot  when  the  steel  was 
put  in ;  the  blast  was  only  required  for  a  short  time  ;  and  the  numberof 
billets  being  small  they  were  promptly  removed  from  the  furnace  after 
reachitig  a  full  heat.  The  loss  in  weight  was  only  one-half  that  usaallr 
met  with. 

Each  billet  was  carefully  weighed  before  being  placed  in  the  furnace, 
and  again  after  rolling.  The  average  loss  of  weight  for  the  twenty  bil- 
lets was  2.47  per  cent.  A  full  yellow  heat  was  acquired  in  26  minnti^, 
the  longest  period  that  any  billet  remained  in  the  furnace  being  43 
minutes. 

While  the  additional  loss  of  weight  usually  experienced  in  heating 
and  rolling  large  numbers  of  billets  may  not  be  of  great  importance, 
the  length  of  time  that  the  billets  are  exposed  to  a  full  heat  and  {he 
total  time  they  remain  in  the  furnace  must  largely  determine  the  qoal 
ities  which  the  metal  will  show  when  drawn  into  wire. 

As  will  hereafter  be  noted,  a  large  number  of  the  coils  have  failed  to 
stand  the  successive  draughts,  and  have  broken  in  the  drawplate. 
This  is  probably  due  to  a  variety  of  causes,  but  overheating,  either  Id 
the  ingot  or  billet,  more  probably  in  the  latter,  has  been  responsible 
for  some  of  the  loss. 

Occasional  pieces  pass  successfully  through  all  the  ten  draughts,  bat 
are  really  worthless  for  gun-wire  on  account  of  brittleness.  Such  a 
piece  can  be  taken  in  the  hands  and  easily  snapped  in  two,  while  a[)er 
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ect  piece  of  wire  will  wind  around  itself  without  showing  any  tendency 
o  fnicture. 

It  is  to  be  regretted  that  the  experiments  on  the  twenty  billets  men- 
ioned  above  was  unavoidably  delayed  until  all  the  others  had  been 
oUe4l«  as  the  experience  gained  would  have  been  valuable  in  regu- 
Htin^  the  operations  in  the  heating  furnace.  In  future  I  think  the 
)illet8  should  be  heated  in  small  lots,  so  that  they  may  be  removed 
promptly  after  acquiring  a  full  heat,  and  to  enable  them  to  be  more 
closely  wat<;hed  during  the  operation,  thus  diminishing  the  danger  of 
udividaal  billets  being  burnt  or  unevenly  heated.  The  furnace  should 
tM'  quite  hot  when  charged,  so  as  not  to  require  the  blast  to  be  left  on 
for  more  than  fifteen  minutes,  thus  diminishing  the  loss,  and  also  the 
liability  of  overheating. 

ROLLING. 

When  the  billets  have  acquired  a  full  yellow  to  near  white  heat,  they 
are  transferred  one  by  one  to  the  rolls,  which  stand  in  the  immediate 
vieinity  of  the  heating-furnaces. 

The  2- inch  square  billet  is  reduced  to  a  ^-inch  square  rod  in  nine 
pii88e8,  the  total  time  of  passing  through  the  train  of  nine  rolls  being 
only  1^  minutes.  In  this  time  the  metal  has  cpoled  from  a  bright 
yellow  to  a  bright  red.  On  issuing  from  the  rolls  the  rods  are  at  once 
coiled  on  reels,  weighed,  and  then  thrown  on  the  floor  to  cool. 

POINTING. 

The  ro<ls  are  next  pointed  to  facilitate  their  entrance  into  the  holes 
of  the  draw-plate.  This  is  done  by  hand.  The  ends  are  heated  in  a 
bla4*ksmith's  fire  to  a  cherry  red,  and  hammered  out  into  long  tapering 
points,  five  or  six  inches  in  length,  defective  ends  being  cut  off.  The 
ivoiuting  is  done  before  annealing,  to  avoid  destroying  the  softness  and 
ductility  of  the  ends,  which  would  cause  them  to  break  off  near  the 
holder. 

ANNEALING. 

As  the  coils  receive  but  one  annealing  the  manufacturers  have  en- 
deavored to  make  it  as  thorough  as  possible,  the  operation  lasting 
nearly  twice  as  long  as  for  ordinary  commercial  wire. 

The  annealing  pots  and  furnaces  are  sunk  below  the  level  of  the  floor 
of  the  annealing  room.  The  pots  are  three  feet  in  diameter  and  six 
feet  in  depth,  and  are  made  air-tight.  Soft  coal  is  the  fuel  used.  The 
rods  and  wire  are  charged  cold,  and  the  pots  closed  with  covers  which 
are  luted  with  clay,  to  prevent  the  entrance  of  air.  The  oxidation  is, 
bowevpr,  considerable,  and  when  removed  they  are  covered  with  a  thick 
scale  which  has  to  be  removed  by  the  subsequent  operation  of  pickling. 

From  seven  to  eight  hours  is  required  to  heat  the  rods  slowly  up  to 
a  cherry  heat,  the  progress  of  the  operation  being  watched  by  the  work- 
men through  peep  holes  near  the  base  of  the  annealer.  After  a  proper 
beat  has  been  acquired  the  fires  are  raked  out  and  the  rods  left  to  cool 
ill  the  annealers. 

The  annealing  was  generally  done  on  Saturday,  and  the  coils  were 
not  removed  until  Monday  morning,  the  whole  operation  thus  taking 
forty -eight  hours. 

The  twenty  selected  billets,  which  were  annealed  separately,  required 
seven  hours  to  get  a  full  heat,  and  were  left  to  cool  in  the  pots  twenty- 
two  hours.  On  being  taken  out  they  were  still  hot  enough  to  blaze  a 
piece  of  pine  wood,  or  at  a  temperature  estimated  to  be  about  650°  F. 
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The  important  poiuts  to  be  observed  in  annealing  are:  that  the  rodn 
be  heated  np  to  the  proper  temperature  gradually,  so  that  all  parts  mar 
acquire  a  uniform  heat;  the  temperature  throughout  the  annealer should 
be  the  same;  air  should  be  excluded  as  far  as  possible  to  prevent  oxida 
tiou;  the  cooling  should  be  conducted  very  slowly  to  insure  8oftiH»»>i 
and  ductility. 

The  temperature  of  the  annealer  was  determined  at  one  time  hy 
means  of  heat-tests,  cylinders  of  an  alloy  of  copper  and  tin  in  diffen^nt 
proportions,  prepared  by  Dr.  Woodbridge.  These  tests  were  examinc-'i 
after  the  annealer  was  opened,  and  showed  thnt  the  upper  portion  of 
the  pot  was  considerably  hotter  than  the  lower,  the  maximum  tempera- 
ture being  in  the  neighborhood  of  1,800^  F. 

PICKLING. 

The  rods  when  cool  are  cleaned  in  a  pickle  of  dilute  sulphuric  acid. 
Fifteen  coils  are  strung  on  a  wooden  reel  and  lowered  into  the  pick- 
ling tub  at  a  time.  The  latter  is  made  of  wood  and  holds  about  3S0 
gallons  of  the  mixture.  The  bath  varies  in  strength  according  to  tbe 
length  of  time  it  has  been  in  use.  Fresh  acid  is  added  from  time  to 
time  by  the  workmen,  as  their  judgment  dictates. 

A  newly-prepared  bath  contains  1  part  by  weight  of  oil  of  vitriol  to 
30.69  parts  of  water.  It  is  heated  up  to  about  110^  F.  before  introda<* 
ing  the  coils.  The  time  of  immersion  of  course  varies  with  the  thick 
nessof  the  scale  to  be  removed  and  the  strength  of  the  mixture.  Id 
cases  observed  it  varied  from  40  to  50  minutes.  The  reel  is  lifted  oat 
from  time  to  time,  the  coils  played  upon  by  a  hose,  and  the  progress  of 
the  operation  obser\:ed.  Wiieu  all  the  oxide  has  been  removeid  they 
are  thoroughly  washed  and  left  to  soak  for  a  short  time  on  the  floor,  eo 
as  to  acquire  what  is  called  a  water-coat,  which  is  supposed  to  inereaiae 
the  adherence  of  the  lime-coating  next  to  be  applied. 

LIME-COATING  AND  BAKING. 

To  prevent  the  rods  from  rusting  during  the  succeeding  operatiooi 
they  are  coated  with  lime.  The  mixture  consists  of  two  parts  rye-floor 
lees  and  one  part  milk  of  lime.  The  lees  is  prepared  by  stirring  twoor 
thre«  pounds  of  rye-flour  in  a  Ivirrel  of  water.  The  coils  are  dipped  Id 
the  lime-coating  mixture  and  then  taken  to  the  baking  oven.  ThidUi 
simply  a  large  drying  oven  which  when  filled  is  closed  and  raised  toi 
temperature  of  about  4i50^  F.  The  coils  generally  remain  in  OFer 
night,  about  fifteen  hours. 

The  loss  in  weight  due  to  pickling  varies  from  a  few  tenths  of  a  pouod 
to  over  a  pound,  averaging  for  80  pound  billets  a  little  over  j  a  pound. 
Bo  that,  taking  the  usual  loss  of  4,6S  per  cent,  in  rolling  and  0.60  per 
cent,  in  pickling,  an  HO-pound  billet  when  it  comes  to  the  drawing-block 
in  the  form  of  a  coil  weighs  but  75.8  pounds.  The  loss,  therefore,  on 
75,000  pounds,  the  amount  furnished  the  contractors,  would  be  from 
these  causes  alone  3,960  pounds. 

The  coils  are  lime-coated  after  each  draught  and  placed  over  the  an 
nealers  to  dry.  After  the  second  draught  a  light  coating  of  copper  ia 
deposited  on  the  wire,  to  improve  th^  smoothness  of  its  surface  and  h- 
cilitate  drawing.  For  this  purpo.se  the  coils  are  immersed  in  a  solatiofl 
of  sulphate  of  copper,  with  a  slight  excess  of  acid,  and  lie  therein  until 
sufficient  copper  has  been  deposited  to  give  a  satisfactory  coat    The 
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time  required  varies  with  the  size  of  the  wire,  from  about  one-half  an 
hour  after  the  second  draught  to  five  or  six  minutes  after  the  ninth 
draught. 

DRAWING. 

The  ^-inch  rods  are  reduced  to  square  wire,  0.15  inch  on  the  side,  in 
ten  draughts,  the  corners  being  rounded  with  a  radius  of  0.01  inch.  The 
ends  of  the  wire  are  reversed  at  each  successive  draught.  The  bend 
of  the  wire  in  coiling  is  required,  by  the  terms  of  the  contract,  to  con- 
form to  a  cylindrical  surface,  or  the  rectangular  cross-section  of  the  wire 
to  be  either  parallel  to  or  at  right  angles  with  the  axis  of  the  cylinder 
on  which  it  is  wound.  This  was  necessary  to  prevent  the  wire  receiv- 
ing a  twist  as  it  issued  from  the  draw-plate. 

To  meet  this  condition  the  drum,  which  was  35f  inches  in  diameter, 
was  placed  in  front  of  a  stand,  upon  which  the  draw  plate  traveled,  in 
a  direction  parallel  to  the  axis  of  the  drum.  The  plate  was  held  and 
wedged  between  the  upright  arms  of  a  carrier,  which  was  given  the  re- 
quired motion  by  an  endless  screw,  situated  in  the  stand  beneath,  and 
driven  at  such  a  rate  that  the  successive  turns  of  wire  lay  close  together 
on  the  drum.  A  smaU  engine  near  the  block  moved  both  the  drum 
and  carrier.  The  speed  of  revolution  of  the  drum  was  regulated  by  the 
throttle  valve  of  the  engine. 

The  speed  of  draught  varies  with  the  size  of  the  wire,  the  surface  of 
the  drum  traveling  about  0.250  of  a  foot  per  second  during  the  first 
draught  and  0.450  of  a  foot  per  second  during  the  tenth.  The  speed, 
however,  is  liable  to  vary  considerably  in  any  one  draaght,  owing  to 
the  manner  in  which  it  is  regulated. 

The  approximate  time  required  to  draw  an  80-pound  coil  through  the 
different  holes  is  as  follows : 

MlnntM. 

First  hole * 8 

Second  hole 11 

Third  hole 13 

Fourth  hole 15 

Fifth  hole 19 

Sixth  hole 25 

Seventh  hole 29 

Eighth  hole 30 

Ninth  hole 36 

Tenth  hole 45 

The  speed  of  draught  cannot  be  increased  beyond  a  certain  point  for 
each  bole  without  endangering  the  success  of  the  operation. 

The  draw  plates  used  for  the  present  work  are  of  the  so-called  meteor 
tteel^  and  have  all  been  obtained  from  England.  The  secret  of  their 
manufacture  is  jealously  guarded,  and  so  far  the^''  have  not  been  suc- 
cessfully duplicated  in  this  country.  The  work  that  a  plate  is  called 
upon  to  perform,  where  the  wire  is  to  be  drawn  without  annealing  as 
many  times  as  required  under  the  present  contract,  is  very  great,  and 
the  tendency  of  the  hole  to  open  is  only  counteracted  by  using  the 
hardest  and  most  unyielding  plates.  They  are  made  of  crucible  steel. 
Norway  iron  scrap  is  used,  this  being  melted  with  coke. 
The  plates  are  of  the  shape  shown  in  the  figure.    They  are  12  inches 

long  by  5  broad,  and  are  IJ  inches 
thick.  A  separate  plate  is  used  for  each 
size  or  draught.  The  draw -holes  are 
pricked  with  a  punch  and  hammer  by 
the  Workman  drawing  the  wire.  They 
open  with  a  bell-mouth  at  the  outside 
face  of  the  plate,  but  are  straight  and  square  through  the  inner  half  of 
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the  plate's  thickness.  The  operation  of  pricking  is  a  delicate  ooe  and 
requires  considerable  skill.  The  hole  must  be  kept  to  the  exact  8  z»- 
and  its  walls  firm.  The  slightest  inaccuracy  in  striking  the  punrL 
causes  it  to  break  off  in  the  hole.  To  make  the  metal  about  the  boit- 
unjielding,  the  plate  is  hammered  up  with  a  shan>  faced  hanini»f: 
during  the  operation  of  pricking.  It  is  laid  flat,  with  its  inner  fa4>- 
(where  the  wire  emerges)  uppermost,  and  hammered  smartly  all  Mroaud 
the  holes.  This  compresses  and  spreads  the  surrounding*  metal.  B;» 
alternately  hammering  and  pricking,  the  hole  is  brought  to  the  reqair^i 
size. 

The  punches  used  are  the  private  property  of  the  workmen  and  arv 
not.  ground  to  any  standard,  though  a  taper  of  one  in  five  is  aimed  at. 

The  size  of  the  holes  for  the  different  draughts,  as  laid  down  by  Dr. 
Woodbridge,  are  as  follows : 


Numlierof 
draa^bt. 


LeD^th  of 
aide  of     | 
square.     , 


1. 
2. 
3. 
4. 

5. 
6. 
7 

8. 

9 

10. 


Inehea, 
0.4500 
0.3963 
0.3491 
0.3074 
0. 270H 
0.  a.'JgS 
0.2101 
0.1850 
0. 16:^0 
0. 15U0 


Redaction 
of  nize. 


Inehet. 
0.0500 
0.  05.17 
0. 0472 
0.0417 
0.0366 
0.  0323 
0.0284 
0.  U251 
0.  «220 
0. 0130 


I 


The  sixth  and  seventh  draught^s  are  considered  by  the  workmen  to 
be  the  most  severe,  and  the  ones  during  which  the  wire  is  most  likfly 
to  break. 

At  this  stage  the  wire  has  become  very  hani  and  unyielding,  th*- 
metal  has  been  considerably  fatigueil,  and  its  <lucti1ity  impairnl.  lii.' 
loss  due  to  breaks  would  in  all  probability  be  diminished  by  giviujrthe 
wire  a  light  annealing  after  the  fifth  hole,  which  would  restore  tbe  niftjil. 
To  ascertain  the  change  in  physical  properties  which  this  ailditionai 
annealing  would  occasion,  one  coil  was  lightly  annealed  lietweeii  tho 
fifth  and  sixth  draughts,  and  a  specimen  taken  from  the  finisheil  wire 
was  sent  to  Watertown  Arsenal  for  test.  Five  specimens,  10  iDcbesm 
length  between  shoulders,  gave  the  following  results : 


Tenacity  per 
sqaare  inch 


sqitMio  luuu     Ultimate     _*  __^ .  ., 

of  original    I  elongation. .  **L*?„^ 

section.      '  .    mpture. 


Reduction  ! 
of  aret  at 


Poundi. 

1 130,790 

2 130.840 

3 134,510 

4 128.050 

5 130,930 


Percent. 
2.3 
0.35 
1.2 
2.3 
0.8 


Percent. 
35.1 
40.4 
30.7 
30.7 
38.3 


The  tenacity,  though  still  high,  has  fallen  off  about  45,000  ponn«is 
per  square  inch  as  compared  with  that  obtained  from  a  .piece  drawti 
without  the  additional  aunealiug,  while  the  reduction  of  area  is  aUxit 
doubled. 
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The  ultimate  elongation  appears  to  have  been  but  little  affected. 

After  receiving  ten  holes,  the  length  of  a  fall  coil  weighing  76  pounds 
sl,(HK)feet. 

The  wiredrawera,  in  adjusting  the  plate,  give  it  a  slight  cant  to  the 
r^'nr,  f<ir  the  purpose,  as  they  express  it,  of  killing  the  wire,  that  is, 
taking  from  it  the  tendency  to  spring  out  into  a  large  coil,  which  would 
l)f<H>me  unmanageable  when  removed  ft'om  the  drum. 

The  angle  made  by  the  plate  with  a  vertical  plane  was  measured 
during  the  drawing  of  some  selected  billets,  and  was  found  to  vary 
from  20  to  80.  Dr.  Woodbridge  objected  to  the  bend  which  this  method 
put  in  the  wire  while  it  was  passing  through  the  draw-plate,  becanse  it 
tended  to  extend  the  metal  unequally  on  the  upper  and  lower  faces  of 
the  wire.  To  test  the  necessity  of  introducing  this  bend,  two  coils  were, 
at  his  suggestion,  drawn  without  any  cant  being  given  the  plate.  These 
coiLs  when  removed  from  the  drum  and  allowed  to  freely  expand, 
sliowe^l  a  diameter  only  slightly  greater  than  that  of  coils  which  had 
been  drawn  with  the  plate  inclined. 

LUBBIOATING. 

The  lubricant  used  is  a  matter  of  great  importance,  and  materially 
aft'ects  the  sncitess  of  the  operation.  Two  methods  have  been  employed 
in  the  present  work.  The  wet  process:  In  this  the  coils,  just  before 
passing  to  the  drawing-block,  are  immersed  in  the  copi>ercoating  mix- 
ture, couHiating  of  sulphate  of  copper  in  solution,  with  a  certain  propor- 
ti«Hi  i>f  rye-flour  lees.  As  the  coil  hangs  on  the  reel  from  which  it  is 
fed  to  the  block,  it  turns  in  a  trough  containing  the  same  mixture  and 
passes  to  the  plate  in  a  wet  condition.  The  coi)|)er  coating  here  acts  as 
hibrieant,  and  prevents  ^'  cold  welding,"  or  adherence  of  the  wire  to  the 
wails  of  the  hole. 

As  this  metbo<l  was  found  not  to  give  entire  satisfaction,  a  modifica- 
tion was  proposed  by  Dr.  Woodbridge,  and  given  a  trial.  The  trough 
into  which  the  coil  dipped  when  placed  on  the  reel  was  filled  with  a 
c<>iii)M>und  of  glu(M)8e  and  lime-water.  The  results  were  not  encourag- 
ing, and  the  wet  process  wa^  finally  abandoned  in  favor  of  the  dry. 

In  this  progress  the  coils^  having  first  received  a  light  coating  of  cop- 
\WT  by  l»eing  immersed  in  the  coppering  solution,  are  placed  on  the  reel 
dn.  Mutton  tallow  is  use<i  to  luliricate  the  wire  as  it  passes  into  the 
bole.  The  workman  stands,  knife  in  hand,  and  keeps  the  wire  well 
siirionnded  with  the  lubricant.    This  methodhas  worked  well. 

According  to  the  terms  of  the  contract  the  allowed  variation  in  di- 
mensions of  the  finished  wire  before  tinning  was  ±0."001.  In  the 
fi)>t  lot  gauged  19  pieces,  weighing  about  800  pounds,  were  found  in 
whi(;h  the  variations  exceeded  that  allowed.  This  generally  occurred 
at  Imt  one  end  of  the  piece,  and  as  a  rule  did  not  exceed  ±0."0015,  but 
in  some  instances  approached  0.''002.  As  it  appeared  that  the  wire- 
drawers  were  unable  to  improve  on  this  degree  of  accuracy,  and  as  a 
rij;id  adherence  to  the  contract  in  this  matter  would  require  the  rejec- 
tion of  a  large  quantity  of  good  wire,  the  allowed  variation  was,  on  the 
nMonimendation  of  the  inspector,  increased  to  ±0."002.  Up  to  the 
present  time  only  two  pieces  have  been  found  in  which  the  variation 
exceeded  the  latter  limit. 

BREAKS. 

The  loss  due  to  failure  of  the  wire  to  pass  successfully  through  the 
ten  draughts  has  been  large.  The  scrap  and  defective  wire  will  make 
up  fully  Iti  per  cent,  of  ihe  total  weight  of  the  coils  after  rolling. 
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When  it  is  considered  that  the  steel  furnished  the  C0Qtract€»r8  was 
very  carefully  selected,  and  that  it  is  pronounced  by  them  to  be  as  good 
stock  as  they  have  ever  worked,  this  high  percentage  of  waste  is  remark- 
able. 

A  variety  of  causes,  which  will  be  noted  below,  have  probably  con- 
tributed to  produce  this  result,  but  I  think  it  may  be  ascribed  primarily 
to  the  nature  of  the  operations  througli  which  the  metal  is  reqoired  to 
pass  during  its  transformation  into  wire.  Ten  draughts  without  anneal- 
ing is  a  great  deal  for  the  best  of  metal  to  be  called  upon  to  staDd,  and 
although  many  pieces  even  after  this  show  sufficient  extensibility  to  be 
coiled  about  themselves  without  breaking,  many  others  will  not  benr 
anything  like  this  amount  of  extension.  Now,  though  overheating  the 
billet  would  produce  brittleness,  it  cannot,  I  think,  be  charged  with  oe- 
casioning  all  the  trouble.  The  fact  seems  to  be  that  we  are  working 
the  metal  right  up  to  the  limit  that  it  will  stand,  and  any  little  irregu- 
larity in  the  operation,  which  in  ordinary  drawings  would  be  of  anuU 
consequence,  occasions  disastrous  results. 

The  scrap  consists  of  short  pieces  which  have  broken  off  in  drawing, 
and  which  weigli  less  than  twenty  pounds,  and  certain  long  pieces 
which  have  either  broken  repeateclly  or  shown  other  defects,  such  as 
notching  on  the  corners,  which  render  further  drawing  unadvisable. 

The  defective  pieces  of  wire  may  be  classed  under  four  heads: 

1.  Those  which  pull  down  in  the  draw- plate  without  breaking,  bat 
afterwards  show  an  almost  total  lack  of  flexibility.  Such  a  piece  can 
be  easily  broken  in  the  hands.  Here  the  metal  has  probably  been  over- 
heated or  burnt  while  still  in  the  billet. 

2.  Pieces  which  are  jointy  or  notched  along  the  corners.  This  maj 
be  occasioned  either  by  overheating  or  a  defect  in  the  walls  of  the  bote. 

3.  Pieces  which  have  parted  in  drawing,  giving  an  irregular  fracture; 
and 

4.  Those  which  on  breaking  show  a  "  pipey '^  structure.  The  causes  of 
the  last  two  classes  of  fracture  have  not  been  satisfactorily  determioed. 
The  pipey  structure  shown  in  many  cases  would  seem  to  indicate  that 
something  in  the  nature  of  the  metal  itself  determined  the  break.  Iq- 
deed,  the  wire-drawers  claimed  to  be  perfectly  familiar  with  the  origia 
of  the  tiouble,  assigning  it  to  an  excess  of  silicon  in  the  steeL  To  settle 
this,  specimens  illustrating  the  different  kinds  of  breaks,  as  well  an  a 
piece  of  good  wire,  were  sent  on  to  Watertown  Arsenal,  aud  analyzed 
by  Captain  Pitman,  Ordnance  Department.  The  results  of  the  analysis 
were  puzzling,  and  hanily  led  to  any  conclusion  as  to  the  cause,  thoagii 
they  appeared  to  dispose  of  the  theory  that  excess  of  silicon  was  the 
trouble,  since  the  piece  which  was  piped  contained  the  least  percentage 
of  silicon  of  any  exann'ned. 

In  these  analyses  pieces  of  five  or  six  inches  in  length  were  used,  and 
it  is  possible  that  diflerences  in  the  composition  of  the  steel,  existing  at 
the  immediate  point  of  fracture,  might  have  been  lost  sight  of  in  the 
general  result  obtained  from  the  whole  piece.  If  minute  quantities  of 
filings,  taken  from  the  fractured  surfaces  both  at  the  center  and  outside 
of  the  wire,  could  be  examined,  the  variations  in  composition  might  be- 
come apparent. 

At  the  present  time  the  origin  of  the  breaks  can  in  many  cases  odIj 
be  conjectured.  The  following  causes  may  be  mentioned  as  materiallj 
influencing  the  amount  of  loss : 

(1)  Character  of  the  metal.  Experience  so  far  gained  goes  to  show 
that  the  softer  billets  stand  the  operation  better  than  the  relatively 
harder  ones.    Probably  in  future  lots  of  steel  furnished  for  wire-draw- 
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in^,  60  per  cent.  coDtraction  of  area  bad  better  be  required  instead  of 
54)  per  cent,  as  in  the  present  case,  even  at  tLie  expense  of  a  sacrifice  in 
the  tenacity  of  the  steel  in  the  billet  form. 

(2)  Degree,  length,  and  uniformity  of  heating  secured  by  the  billets. 

(3)  Nature  of  the  draw-plates  used;  accuracy  and  sinoothoess  of  the 
hole.  Undoubtedly  a  number  of  breaks  may  be  directly  charged  to 
some  defect  in  the  plate. 

(4)  Kind  of  lubricant  used.  Accordingto  the  statement  of  the  work- 
men the  loss  was  greater  during  the  continuance  of  the  wet  process 
than  it  has  been  since  tallow  has  been  the  lubricant  employed. 

TINNING. 

The  wire  is  required  to  be  tinned  and  wiped  in  the  most  perfect  man- 
ner; and  to  prevent  any  alteration  in  the  properties  of  the  metal  during 
theoperation,thetenli)eratureof  thetinningbath  iskeptdownto500<^  F. 

Experiments  were  undertaken  to  determine  the  best  method  of  tin- 
ning.   Three  plans  were  tried. 

(1)  Tinning  as  a  final  o|)eration,  after  the  drawing  had  been  com- 
pleted ;  (2)  tinning  after  the  ninth  hole  was  passed,  the  wire  receiving 
the  tenth  and  last  hole  after  the  coating  of  tin  was  applied;  (3)  tinning 
after  the  eighth  hole. 

A  good  coating  was  obtained  by  each  of  these  methods,  that  in  which 
the  coat  was  given  after  the  ninth  hole  appearing  the  best.  The  ob- 
jection to  tinning  as  a  final  operation  was  maioly  the  difficulty  experi- 
enced in  perfectly  wiping  the  wire.  The  asliestus  cloth  used  for  this 
piit|M>se  was  apt  to  be  worn  away  by  the  sharp  corners  of  the  wire,  and 
on  the  last  portions  of  a  long  coil  the  tin  was  sometimes  found  clotted 
in  8|K)t8  ou  the  sides  and  edges.  It  was  thought  that  when  the  wire  re- 
ceived a  hole  aft4*r  tinning,  the  coat  was  not  only  more  evenly  diHtrib- 
uted,  but  also  more  firmly  united  to  the  steel  beneath.  To  settle  the 
question  S]>ecimeus  were  prepared  illustrating  the  three  metho<is,  and 
sent  by  direction  of  the  Chief  of  Ordnance  to  Watertowu  Arsenal  for 
examination. 

The  testa  were  made  by  Captain  Pitman,  Ordnance  Department,  and 
had  for  their  object  the  determination  of  the  relative  thickness  and 
evenness  of  distribution  of  the  coating  in  the  three  cases.  The  results 
showed  a  slight  advantage  in  favor  of  the  coating  api)Iied  after  the 
ninth  hole.  Subsequent  experiments  conducted  by  I)r.  Woodbridge 
to  determine  the  comparative  weldability  of  the  tinned  wire  led  to  the 
adoption,  however,  of  the  method  in  which  the  tin  was  applied  after  the 
completion  of  the  drawing. 

A  si)ecial  plant  was  put  ufi  for  tinning  this  wire,  but  afterwards 
abandoned  for  the  regular  plant  UKed  for  ordinary  commercial  wire.  In 
the  plant  first  used  the  wire,  on  emerging  from  the  tinniug-bath,i>assed 
through  the  wiper  and  into  a  metal  pipe  through  which  a  blast  of  cold 
air  was  forced  to  cool  the  coating.  The  drum  on  which  the  wire  was 
coiled  was  given  a  motion  per|>endicular  to  the  wire,  or  parallel  to  its 
axis,  Uie  wire  [lasslng  through  two  horizontally  placed  grooved  rollers. 
jiiKt  before  reaching  the  drum,  to  keep  it  from  twiHting ;  the  object  of 
using  the  air  blast  instead  of  a  water  bath  for  cooling  being  to  obvi- 
ate the  necessity  of  bending  the  wire  during  the  operation. 

One  objection  to  this  arrangement  was,  that  owing  to  the  considerable 
dintanoe  between  the  wiper  and  drum,  necessitated  by  the  coldair  pi))e, 
a  large  piece  at  the  end  of  each  coil  was  not  tinned.  One  end  had  to  be 
attached  firmly  to  the  drum  and  passed  through  the  rollers  before  the 
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tlDning  coiDmenoed.  A  leader  could  not  be  ased,  as  the  joint  made  by 
faBtening  it  to. the  wire  woold  be  caa^ht  as  it  passed  the  g^aide-roilers. 
To  open  the  rollers  momentarily  as  the  joint  approached  them  woald 
render  the  wire  liable  to  be  caui^ht  cornerwise  and  twiste<l  as  it  parsed 
to  the  dmro,  and  when  once  started  on  its  way  through  the  tinning  bath 
a  coil  cannot  be  stopped,  even  for  a  moment,  without  causing  the  tin  to 
chill  at  the  wiper  and  form  a  lump  on  the  wire. 

Another  and  still  more  serious  objection  was  the  inefficiency  of  the 
air  blast  in  cooling  and  hardening  the  coating.  When  the  wire  reached 
the  drum  the  tin  was  still  soft,  and  was  found  to  have  rubbed  off  iu 
spots. 

The  coldair  method  of  cooling  was  therefore  abandoned  in  favor  of 
the  ordinary  method,  in  which  the  wire  runs  through  a  water-trough. 

The  plnnt  was  that  ordinarily  nsed,  except  that  a  large  drum,  30 
inches  in  diameter,  was  made  for  cooling  the  wire. 

The  only  objection  to  this  change  of  plaut  was  the  possible  one  of 
the  wire  receiving  a  cant  or  twist  during  the  operation.  This  was 
found,  however,  not  to  be  the  case,  the  tension  being  too  light  to  have 
any  permanent  effect.  Some  of  the  coils  have  a  slight  cant,  but  this 
has  been  caused  by  operations  undergone  before  tinning,  probably  most 
often  to  want  of  perfect  parallelism  of  the  walls  of  the  hole  in  the  draw- 
plate. 

The  operntion  as  now  performed  is  as  follows :  The  coil,  first  soaked 
in  a  dilute  solution  of  hydmchloric  acid,  which  han  been  killed  or  par- 
tially nentraliz^Hl  by  lead,  is  place* I  on  a  wo«Kien  reel,  from  which  it  is 
fed.  After  going  through  a  wiping  cloth,  kept  saturated  with  the  acid 
mixture,  it  bends  down  and  pannes  throngh  the  bath  of  molten  tin. 
The  tub  in  bailt  of  biick,  with  the  furnace  l)eiieath  the  bath.  The  tem- 
perature of  the  melted  metal  is  regnlnted  so  that  a  soft  pine  stick  will 
just  smolder  in  it,  or  at  about  5<K)o  P.  On  emerging  from  the  bath  it 
goes  throngh  a  guide-plate,  where  it  is  wipetl  by  a  roi>e  of  asbe^tus 
fiber  wound  tightly  around  it.  It  next  enters  the  ox>oling-trough,  which 
is  tilled  with  castile  soap  and  water;  it  is  wiped  with  cotton  waste  on 
cominu  out,  snd  wound  on  the  drum. 

The  coils  always  receive  two  coats,  sometimes  three,  and  more  rarely 
four  coats  sre  required  to  give  a  i>erfect  coating.  Any  spots  of  runt  on 
the  wire  before  tinning  greatly  increase  the  difficulty  of  the  operation. 


Appendix  48. 


PBOOBESS  REPORT  ON  THE  B-INCff  YATES  BREECH-LOADING  RIFLE. 
BY  THE  BOARD  FOR  TESTING  RIFLED  CANSON,  APPOINTED  UNDER 
ACT  OF  JULY  5,  1884. 

This  gnn  was  transferred  to  tbe  ^'  Board  for  Testing  Bifled  Gannon, 
&C.,''  for  t«*st,  by  inatnictions  fh)ui  the  Chief  of  Ordnance,  U.  8.  A., 
dated  Febniary  3,  1885. 

The  gun  is  converted  from  a  lOinch  Rodman  smooth-bore  gun, 
lengthened  2  feet  by  means  of  a  cast  iron  extension  piece,  and  lined 
with  a  Nashna  steel  tube.  The  Board  is  not  in  possesi^ion  of  any  data 
relating  to  the  physical  properties  of  the  tube  or  breech  clamps.  For 
detailed  description  of  gnn,  dimensions,  &c.,  the  Board  would  respect* 
fully  refer  to  the  construction  report  of  the  8-inch  Yates  rifle,  made  by  the 
Insiiector  of  Ordnance  at  Boston,  Mass. 

PRESENCE  OP  INVENTOR. 

The  inventor.  Colonel  Yates,  was  allowed  to  be  present  during  the 
trials,  and  to  make  whatever  changes  be  desired  in  the  gas-check  or 
breech  mechanism  upon  the  approval  pf  the  Chief  of  Ordnance,  U.  S.  A. 

EXPBEIXBNTS. 

These  were  condocted  at  the  Ordnance  Proving  Gromids  at  Sandy 
Hook,  N.  J. 

PROJECTILES. 

The  8-inch  Hotchkiss  projectiles  were  used  for  all  the  flrings. 

POWDERS. 

Du  Pontes  hexagonal  powders  B.  V.  L.  and  E.  V.  P.,  density  1.760  and 
granulation  72,  were  used,  as  these  were  the  grades  of  powder  used 
heretofore  in  trials  of  8  inch  guns. 

RESULTS  OP  PIRING. 

The  total  number  of  rounds  flred  up  to  the  present  time  is  16.  The 
details  of  the  firing  will  be  f  nnd  in  the  firing  record  and  table  of  en- 
largements ap)iended  to  this  report.  The  following  table  shows  the 
pressures  and  velocities,  with  the  different  charges  of  powder  used. 
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Table  I. — Veloeities  and  pressures, 

{Oun:  8-inch  Yates  breech-loading  rifle,  lined  with  a  Nashna  (S'.  H.)  steel  tube.  ProjtctiXt:  8  inch 
Hotcbkins;  weislit.  181  pounds  Powder:  Du  Font's  hexaj^oual  E.  V.  L.;  d«nslty,  1.750;  Krannla- 
tton,  72.  Intirumtntt:  For  velocity.  2  Le  BoalenjcA  rhroiiotcrapba  (mean  tskeu);  for  preennre, 
Crusher  ffan^e.  Numlmr  of  roundA  fired  witli  eaoh  powder  oh^rge,  two  (and  mean  taken).  Inetm- 
mental  velocity  talcen  at  109  feet  from  muzzle.] 


Date. 

Powder 
charge. 

Instmmcntsl 
velocity  (mean). 

Pressure  (mean). 

BeooU. 

1885. 
March  11 

Poundt. 
20 
25 
30 
85 

JFVst. 
1,080.5 
1,235 
1.384 
1, 493. 5 

Poundt  tq.  inch. 

•  "18,  000 

18,725 

25.6.50 

80.176 

FteL 
3.33 
3.61 
4.83 
4.73 

March  11 

March  U  and  12  .. 
March  12  ...4 

ICAsiranm    . 

1.505 

30,800 

4.77 

*  Leas  than. 


The  following  table  gives  the  additional  pressures  obtained  with 
powder  charges  of  35  pounds;  velocities  not  taken. 


Table  IL — Pressures, 


Kumberof 
rounds. 

Fo^de 

Weight  of 
projectile. 

Presanre  (mean). 

Bemarks. 

15.V.L. 
E.  V.  L. 
K.  V.  L. 
E.  V.  F. 
E.V.F. 

Poundt. 
177 
181 
182 
180 
181 

Pounds  tq.  inOi. 
32.825 
34.700 
34, 2<i0 
34,175 
39, 775 

Maximum  preesnre  eqai^  84,925  ponnds.  i 

■ 

The  E.  Y.  F.  powder  gave  in  this  last  round 
a  hitrher  preMsnre  than  was  desired; 
35,000  pounds  being  about  the  maximum 
limit  fixed. 

1 

ENLARGEMENT  OP  BORE. 

The  gun  was  star-gauged  before  the  Ist  and  after  the  5th,  8th,  and 
16th  rounds.  The  record  shows  that  from  the  muzzle  to  122  inches 
from  the  muzzle  there  was  practically  no  enlargement.  After  the 
6th  round  the  enlargement  was  perceptible  from  122  inches  to  136 
inches  (bottom  of  rifling)  from  the  muzzle.  The  enlargement  varied 
from  0.001  inch  at  122  inches  to  0.006  inch  at  136  inches,  though  the 
hi gli est. pressure  was  only  26,200  pounds,  and  that  only  in  the  last 

round. 

After  the  8th  round  this  enlargement  had  increased  to  0.002  inch 
at  122  inches,  and  to  0.015  inch  at  136  inches,  with  the  highest  press- 
ure equal  to.  30,800  iK)uud8,  which  indicates  a  very  soft  steel  in  the 

tube. 

After  the'lOth  round  the  enlargement  of  the  bore  was  found  to  be 
0.004  inch  at  122  inches  and  0.020  inch  act  136  inches  from  the  muzzle. 
The  increase  in  diameter  was  uniform  between  these  points. 

REMARKS. 

The  tin  powder-case  was  intended  to  be  expanded  into  the  annular 
grooves  cut  onthe  interior  of  the  brass  gas  check,  and  to  be  with- 
drawn with  the  **  cartridge-head '^  or  ga«-check.  In  no  case  did  it 
act  as  intended.    The  pewter  bottom  of  the  can  became  detached  each 
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tjine  it  was  nsed^  and  the  case  remained  in  the  bore  and  was  removed 
with  a  rammer.  Tbis  tin  ca8e  is  useless  and  dangerous  in  that  if,  by 
accident,  it  should  be  left  in  the  bore,  it  might  cause  wedging  of  the 
shot  and  endanger  the  gun.  The  long  brass  gas-check  did  not  act  sat- 
isfactorily, as  in  firing  it  was  swaged  out,  bec^oming  firmly  sealed  in  the 
bore,  and  rendered  the  opening  of  the  breech-clamps  difficult;  in  fact, 
practically  converting  the  gun  into  a  muzzle-loader.  Tbis  gas-check, 
even  after  the  reduction  to  6  inches  in  length  and  turning  the  interior 
to  cup-shape,  had  to  be  removed  by  ramming  from  the  muzzle.  At  the 
9th  round  a  steel  giischeck  9 inches  lonvT  was  substituted  for  the  brass 
one,  but  still  a  resort  to  ramming  from  the  muzzle  was  necessary  for 
removal. 

At  the  14th  round  a  compound  gas-check,  consisting  of  copper  and 
steel,  was  substituted,  which  was  removable  by  the  extractor. 

The  difficulties  encountered  in  opening  tlie  breech  mechanism  are 
shown  in  the  firing  record.  The  locking  latches  and  locking-plate  not 
being  able  to  hold  the  clamps  together  in  firing,  the  rear  end  of  the 
clamps  has  been  turned  off,  leaving  a  cylindrical  projection — one  half 
on  each  clamf) — over  which  is  fitted  a  circulwr  retaining-cap  of  steel  to 
prevent  the  clamps  fl.ving  open  and  striking  the  cheeks  of  the  gun-car- 
riage at  each  fire,  as  has  been  found  to  occur.     (See  firing  record.) 

In  order  to  reduce  the  pressure  in  the  bore,  rft  C'olonel  Yates's  request 
(see  his  letter  of  M«y  8,  18S5,  Ordnance  Office  file  104  I  of  1885)  and 
with  the  approval  of  the  Chief  of  Ordnance,  the  Board  is  having  the 
chamber  lengthened  2  inches,  giving  more  air  space  and  diminishing 
the  density  of  loading.  Colonel  Yates  has  also  requested  that  a  radial 
Tent  be  provided  instead  of  the  axial  one  first  used. 

T.  G.  BAYLOR, 
Colonel  of  Ordnance^  PreHidtnt  of  the  Board. 

F.  H.  PAKKBB, 

Major  of  Ordnance. 
GEO.  W.  MoKEE, 

Major  of  Ordnance. 
CHARLES  8HALER, 

Captain  of  Ordnance. 
D.  A.  LYLB, 

Captain  of  Ordnance. 
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SMtrd  af/IHnt  with  9-t»tk  Tatu  trteek-haaimi  ryie 


1.  IL— BBTomoter. 
3(i.MS:  Unmunneter, 


P.U.— Baromatar, 
M.lll;  tharmome- 
(•r.  n.Sj  knmidltr, 


won  I    ttara-, 


F.  lT.-B*Taiii(itai 
lO-IWi     ttasniioini  , 
tw,  ra.li  hamidllf. 


ii;;.ii 

«.,.„ 

Kw.ll 

liar.  11 

fi 

Hn.U 

i 

Mn.a 

? 

5" 

liai.i3 

J 

4 

Mu.  13 

«4 

Apr.   8 
Apr.    § 

i 

Apr.  a 

Apr.M 
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mi  Smndg  Mbok,  N.  J.,  from  IforM  11  to  Map  6,  1885. 


Wind.  »troikgfh,  to^ 
dlreoticm. 


Tram  rcsr  uid  right 
499;  34  mUea  mi< 
hoar. 


f  71 


"From    rear 
*    and  rights 
48«>. 


16 


0 

e 

.A 

8 
I 


■ 

i 


From  front  and  loft 
43<>;    6  miles 
hcmr. 


> 


From  front  end  left 
430;   16  milee  an^ 
hoar. 


Speoial  remarka  about  each  Are,  raoh  as  effect  on  piece,  aoand  of  prqjectile 

in  flifht,  eoattertng  of  ft*gment»,  4to. 


f  The  tin  powder'oaae  was  oat  off  to  a  length  of  124  inohea  to  adapt  it  to 
the  reduced  charge.  Opened  with  eome  dllBcally  after  firlog  by  ham- 
meiing  the  lerer.  The  gas-i'heck  ooald  not  b»  remoTed  b>  eitroctor, 
bnt  waa  dnrvn  oot  from  maasle  with  a  mmmer.    There  were  traeea 


of  gaa  on  ont«»r  anrfaee  of  gaa-oheck,  near  the  front  part,  bat  no  escape 
in  this  or  sabseqaent  roands. 

The  tin  powder-csse  was  oat  off  to  a  length  of  12i  inohes  to  adapt  it  to 
the  redaoed  charge.  Op«<ned  after  firing  with  slightly  less  dimcalty ; 
gasHjheck  remoTsd  as  before. 

Tin  powder-ease  oat  to  length  of  cartridge.  Oss-check  hsd  been  tamed 
down  OTer  Up  ^  inch  and  slightly  eased  over  oater  sorfsoe,  includiug 
base.  Foar  men  were  required,  with  rope  on  end  of  handaplke.  to 
open  gun  after  firing,  ana  even  more  on  hea^y  timber  at  masxie  to 
eject  gas-check. 

Tin  powder-case  cat  to  length  of  cartridge.  Oas-oheck  had  been  taroed 
down  OTor  Up  ^  inch  and  sUgbtly  eased  over  oater  sarface,  iacladiog 
base.  Foar  men  were  rMaired,  with  rope  on  end  of  handspike,  to 
open  gan  utyv  firing,  aad^  er^n  more  on  hvary  timber  at  masxie  to 
eject  gas-check.  The  right  half  of  breech  doeare  np  to  this  loand  wss 
alone  bearing  properly. 

Before  this  ronnd  the  brass  gas-check  was  slightlj  filed  down  on  the 
ontside  M»  as  to  fit  more  essfly  in  chsmber,  and  after  i*ach  ronnd  fkom 
8  to  10  men,  working  on  a  heavy  timber  in  the  bore,  had  the  greateat 
diflicttlty  In  removing  it.    Breech  driven  open  by  wedges. 

Before  this  ronnd  the  brass  chock  was  Rightly  filed  down'on  ontside  so 
as  to  fit  it  more  essily  in  chsmber.  Tbe  breech  closare  was  found 
slightly  op<*n  siter  esch  roond.  bat  at  this  one  it  was  open  to  the  extent 
of  0-M7S,  Just  above  the  firing  pin.    Locking  spring  broke. 

Before  this  round  the  brass  gascheck  was  slightly  filed  down  on  the  oat- 
side  no  ss  to  fit  it  more  easily  in  chamber.  Breech  rlosare  opened 
0".276.  Look  wir>*d  down.  Breech  driven  open  by  wedges.  The  left 
side  5f  breech  closure  found  now  to  bo  bearing. 

Oas-4'heck  cat  to  6  inches  length  and  hemispherical  base  reamed  oat  to 
cop  shape  and  generally  eased  oo  ontside.  Breech  dosore  opeaed 
0".800.  Lock  wired  down.  Breech  ooened  with  less  difiicultjr  with 
handspike  aad  rope,  and  gas-check  removed  with  much  less  difllculty 
by  timber  in  bore. 

Onn  star-gaoged  before  1st  aad  after  Sth  and  8th  roands. 

Breech  opened  21  inches.  Steel  gas-check,  9"  long,  need.  Removed 
eaeily  by  timber  in  bore  of  gun. 

Brooch  opened  3  Inches.  Csrtridge  bag  and  no  tin  case  used.  Check 
removed  as  above.    Left  lever  pin  broken. 

There  were  two  IWilares  to  fire,  due  to  the  firing  pin  striking  steel  gas- 
check  insfcesd  of  head  of  priming  cartridge. 


Steel  gas-check  aad  new  lever  pins 
inserted. 


Steel  gas-check.    Locking  catch 
wired  down. 


Before  firing  this  round  the  old 
locking  ratch  was  replaced  by  a 
new  and  heavier  one  of  steeL 
Breeeh  closure  open  2.  A  inches, 
having  first  strnok  cheeks  of 
carriage  and  reiioanded.  ("atoh 
broken.  Gsscheck  removed  by 
extractor.  No  escape  of  gas  ex- 
cept through  vent. 

Breech  closare  opened  1^  inches, 
having  Hrst  struck  cheeks  of  car- 
riaire,  as  before.  Oss-<heck  re- 
moved bv  light  taps  with  rammer 
firom  maxxle.  Bscape  of 
through  vent,  as  before, 
lever  pins  broken. 


^ 
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Beoord  of  firing  wiih  &-inck  Tatea  hreeck-lodSing  rifie  ai  Stmiig 


e 
u 


P.  H.  — Barometer, 
29.786;  thermometer, 
M.l;  humidity,  77. 


A.  M.  —  Barometer, 
29.540;  thermometer, 
44.1 1  humidity.  60. 


P.  M. ~>Barometer, 
29  959;  thermometer, 
53.2;  humiility,  6<l 


A.  M.  —Barometer. 

29.876;  rhermometer, 
48.2;  humidity,  90.     . 


18 


14 


10 


Time. 


liW. 
Apr.  28 


Apr.  29 


15    May    5 


May    6 


Powder. 


Kind. 


^1 

a 
o 

H 

p 


-»a  >  I*  ** 


^ 


36 


35 


35 


85 


Projectile. 


Kind. 


.a 

2 

o 

n 


181 


177 


180 


181 


II 

1 

-4» 

fit 

Ai 

£ftf. 
84.600 

—35 

82,826 

—35 

• 

84,175 

—35 

80,776 

F€tt. 


1 

« 


Feet 

Tobaf 

fen. 


Tobnf' 
fera. 


Tobnf- 

fere. 


To  buf- 
fers. 
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Hook,  N.  J,,  from  March  II  to  May  6,  1685— Continned. 


Wind,  sirauKth  atul 
direction. 


From  fh>nt  and   left 
87^;  10mileeanlioTir. 


From  ftx>ot  tnd  rieht 
4SP',  60  mile*  an  hour. 


From  front  and  rigbt 
3^;  20  miles  an  hunr. 


From  fh>nt  and  ri^bt 
3^;  10  wiles  an  hour. 


Special  remarks  abont  each  fire,  such  as  effect  tm  piece,  sound  of  projeotile 

in  flight,  scattering  of  fragments,  &c. 


0 


a 

% 

.a 


Steel  gas-check.   Locking  catch  re- 

{ilared  hv  vrought-iron  plate  1^ 
nfhen  thirk,  ftincbes  wide,  fittine 
on  two  2i-iiicb  steel  ptns.  ▲il 
levpr  |»ins  r«>n]»ced.  rfew  cen- 
tral-fire metallic  cartridge  need 
for  primer.  Tin  cartridge  case 
nsed. 

Componnd  gss-check,  consisting 
of  copper  cup,  pinned  t<>  steel 
ba»e.  A  tin  rann«*l  was  soldered 
to  iu«idt*  of  tin  cartridge  case 
with  a  view  of  closing  vent. 


New  locking  plate  and  right  pin 
and  Dew  filing  pin  put  in  bt-fttro 
this  tonnd:  slso  new  steel  cart- 
ridge case  for  primer. 

Right-hand  locking  pin  wedged  be- 
fore  filing.  Hollow  bras4  tnbe 
1(^  inches  long  8«jl(iere4i  to  bsMC  of 
cartrifltse  case  to  secure  fh>nt 
ignition. 


Breech  closure  opened  aboat  |  inch, 
slightly  bending  right  locking 
pin.    6as-check  remoTod  by  tap- 

fing  with  rammer  frum  mnzale. 
riming  cartridge  caae  disap- 
peared, and  escape  of  gaa  as  be- 
fore, tbroagh  vent. 


Breech  closure  opened  |  inch,  break* 
Inff  wrought-iron  plate  on  rigbt 
side.  Point  of  firing  pin  broken. 
Some  OACspe  of  gas  through  ventL 
as  before.  UaM-check  remoTed 
easily  by  extractor. 

Gas-check  removrd  easily.  No  es- 
cape of  gas.  Kighthaud  lucking 
pin  bent.    Breech  open  0".2. 


Right-bind  locking  pin  broken  off. 
No  escape  of  gas.  Bieech  open 
0".35. 
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Table  of  enlargemeuU  o/Mnek  JatM  h'eeek-laadimg  rf/le. 


Inches  from  ninssle. 

Original 

plAvof 

tabe. 

Origiaal 

diameter 

of  bore. 

SnlArgemeDto,  iooladl&c  "aettinc 
Qp  "  of  tube,  aller—            • 

5  rounds. 

8  rounds. 

If  voottds. 

186 

0.004 
.0046 
.004 
.00525 
.00526 
.005 
.005 
.005 
.00376 
.00376 
.00375 
.00375 
.0085 
.003 
.002 
.003 
.003 
.004 
.004 
.003 
.003 
.003 
.008 
.004 
.005 
.004 
.003 
.004 
.003 
.004 
.00436 
.00336 
.0036 
.00425 
.003 
.00325 
.0035 
.00435 
.0045 
.00325 
.00525 
.0085 
.0045 
.0045 
.003 
.004 
.0035 
.0035 
.0035 
.003 
.0035 
.0036 
.0035 
.0035 
.0086 
.0036 
.0035 
.0035 
.0035 
.0035 
.0036 
.0035 
.003 
.003 
.003 
.003 
.002 
.003 
.0035 
.00326 
.003 
.002 
.0085 
.0035 
.00825 

Inehti. 

aoo4 
aoo4 
aoo4 
aoo4 
aoo4 
aoo4 
aoo4 
aoo3 
aoo3 
a  008 
a  003 
ao«3 
aoo3 
a  003 
aoo3 
aoo3 
a  003 
aoo8 
a  008 
aoo3 
aoo3 
a  003 
a  003 
aoos 
aoos 
aoo3 
a  008 
a  003 
a  003 
aoo3 
a  003 
aoo3 
aoo3 
aoo8 
aoo3 
a  003 
aoos 
a  003 
aoo3 
aoos 
a  001 
aoo3 
a  003 
aoo3 
a  002 
a  002 
a  002 
a  002 
a  002 
a  002 
a  002 
a  002 
a  002 
aoo2 
a  002 
a  002 
a  002 
a  002 
a  002 
a  002 
aooi 
a  002 
a  002 
aoo2 

8  002 

aoo2 
aott2 
a  001 
a  001 
a  001 
a  001 
a  000 
a  000 
a  001 
a  001 

0.006 
.006 
.004 
.008 
.003 
.008 
.001 
.002 
.002 
.002 
.002 
.001 
.001 
.001 
.001 
.001 
.001 
.      .001 
.001 
.001 
.001 
.001 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 

—  .001 

—  .001 

—  .001 

—  .001 
.000 
.000 

—  .001 

—  .001 
.000 
.001 
.000 
.000 

a  015 

.014 
.013 
.010 
.000 
.008 
.006 
.005 
.006 
.004 
.003 
.002 
.002 
.002 
.002 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.001 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
.100 
.000 

—  .001 

—  .001 
.000 
.000 
.000 
.000 
.000 
.001 
.000 
.000 

0.020 

12K> •. 

.018 

184    

.018 

laa 

.015 

132 

.015 

131 

.014 

130 

.012 

120 

.018 

128 

.010 

127 

.000 

126 

.008 

126 .' 

.006 

124 

.006 

138 ■. 

.006 

t23       - -- 

.004 

121  

.008 

120 

.002 

110 

.003 

118 

.002 

117 

.003 

116 

.002 

lit 

.002 

.002 

113 

.001 
.001 

HI 

.001 

.001 

103 i 

.001 

.002 

107 

.002 

.002 

106 

.002 

.001 

103 

.000 

-  WW    •••.•«......«•••••.••..•••.••....•..•. 

.001 

loi 

.001 

.001 

00 

.001 

.001 

97 

.001 

.000 

05 

.000 

.000 

03 

.000 

.001 

01 

.001 

.001 

80 

.001 

.001 

87 

.001 

.001 

86 

.001 

.001 

83 

.001 

.000 

81 

.001 

.001 

78    

.001 

.001 

74 

.001 

.001 

70 

.001 

.001 

66 

.000 

.000 

63 

.000 

.000 

58 

.000 

-.001 

64 

-.001 

-.001 

60 ^ 

.000 

.000 

46 

-.001 

44 

-.001 
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Tabl0  of  enlargements  of^ineh  Taiee  breeoh-loading  r(/to~ Continued. 


Inohee  from  musxle. 

Oristnal 

S  9  O 

Slllargem^Bt«,  indudinfr  **Bettiii|t 
op  "  of  tube,  altera 

8  roonda. 

16  lounda. 

43 

.00175 

.0045 

.005 

.004 

.004 

.008 

.0025 

.002 

.004 

.0025 

.0085 

.0025 

.00825 

.0065 

.006 

.0045 

.00625 

.006 

.0045 

Inehe», 
&001 

aoo2 

&002 

aoo2 
a  002 
a  002 
aoo3 
aoo4 
aoo4 
a  005 
aoo5 
aoo6 
aoo6 
aoo6 
aoo6 
aoo6 
a  007 
aoo6 
aoo7 
a  014 
aoti7 
aoo7 

0.001 
.000 
.000 
.000 
.001 
.001 
.000 
.000 
.006 

—  .001 

—  .001 

—  .001 
.000 
.000 
.000 
.002 
.001 
.000 
.000 
.000 
.000 
.000 

0.001 
.000 
.000 
.000 
.001 
.001 
.001 
.000 
.000 
.000 
.000 
-  .001 

.000 

.000 
.000 
.002 
.000 
.000 
.001 
-.001 
.000 
.000 

0.000 

40 

—  .001 

88 

—  .001 

86 

.000 

84 

.000 

82 

.000 

80 

—  .001 

28 

—  .001 

26 

.000 

M 

.000 

22 

.000 

20 

—  .001 

18 

—  .001 

10 

.001 

14 

—  .001 

12 

.002 

10 

8 

.002 
.000 

6 

.001 

4 

—  .008 

2 

.000 

—  .001 
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TRIAL  OF  THE  2,%-INCH  BREECH-LOADINO  STEEL  RIFLE,  BY  THE  BOARD 
FOlt  TESTISa  RIFLED  CANNON,  ^o.,  APPOINTED  UNDER  THE  ACT  OF 
CONGRESS  APPROVED  JULY  5,  1884. 

(3  plates.) 

The  3.2-inch  breechOoading  steel  rifle  was  transferred  to  this  Board  by 
the  Ordnance  Board  on  Auj^nst  1,  1884,  pursuant  to  the  letter  of  the 
Chief  of  Ordnance,  dated  July  24,  1884. 

The  description  of  the  gun  is  given  in  the  construction  report  from 
Watertown  Arsenal,  made  by  Maj.  F.  H.  Parker,  Ordnance  Depart- 
ment (see  Report  of  Chief  of  Ordnance^  1M84,  appendix  33,  pages  509, 
et  8€q.)y  and  in  Report  No.  25  of  the  Oidnance  Board  for  1884. 

piRiNas. 

The  first  60  rounds  were  fired  by  the  Ordnanee  Board  before  the 
transfer  to  this  Board.  The  report  of  this  firing  will  be  found  in  Ap- 
pendix 14,  pages  141,  et  seq.^  Report  of  Chief  nf  Ordnance  for  1884. 

The  next  184  rounds  were  fired  by  this  Board,  making  244  rounds  in 
all,  and  the  results  given  in  its  progress  report  published  as  Appendix 
22,  Rei)ort  of  Chief  of  Ordnance  lor  1884,  pages  277  et  seq. 

The  firings  covered  by  this  report  extend  from  the  245th  to  the  1800th 
round,  both  inclusive,  or  1,556  rounds. 

The  firing  records  appended  and  forming  part  of  this  report  contain 
all  the  details  of  the  trials.  The  total  number  of  rounds  fired  from  this 
gun  is  1,800. 

OABBIAGES. 

These  call  for  no  special  remark  since  the  gun  alone  comes  within  the 
province  of  the  Board's  action.  It  may  be  stated,  however,  that  diff'^r- 
ent  carriages  were  used  during  the  trials,  viz,  the  steel  carriage  made 
at  Water vliet  Arsenal,  an  old  iron  12-pouuder  field-carriage,  and  the  30- 
pounder  Parrott  carriage. 

PROJBOTrLES. 

The  projectiles  chiefly  used  in  the  trials  were  the  solid-band  experi- 
mental shell;  copper  band,  3.3  inches  in  diameter,  0.5  inches  wide — bev- 
eled front  and  rear — weight  13  pounds  (See  Plate  I,  Ordnance  Board 
Report;  Appendix  15,  Report  of  Chief  of  Ordnance,  1884,  page  155.) 

Some  experimental  shrapnel  were  also  fired.  The  classification  and 
number  of  rounds  fired  with  each  kind  is  given  below. 
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Tabxjb  a. — Projeotiltt  med  during  the  firing. 

[dauiJUaticn f  A.  Solid-baad  experimental  «b«11;  band,  8.8"  diameter,  0.5"  wide;  beveled  front  and 
rear ;  weight,  IS  poonds.  K.  BzperimeDf al  nhrapnel  rrceirtd  from  Wvtertowu  Arsc-nal  April  15. 1885 : 
weight,  18  |K»Qn<lii.  C.  Hbrapn*  I ;  hriiM  band ;  weight,  12  5  pounda.  D.  Kame  as  A,  with  bead  cut  off 
and  hiaaii  bfad  from  abrajinel  screwed  on ;  weight,  12  pouuda.  MetaHIc  tioie-faaea  a<*t  to  explodu  in 
5  eeounda.  In  roand  1,200  abeU  burnt  in  or  near  gnn.  £.  Same  aa  C.  Plunger  from  German  fuse  with 
wings  off.  J 


Pi^eotUe. 

No.  of 
Toonds.' 

1 

1 

No.  of  Are. 

From— 

To- 

riaaaA... 
ClaaaB.... 
ClaaaC  .... 
ClaeaB... 
ClaeaC... 
Class  A.... 

Clsss  B 

Class  A.... 
ClaasB  .... 
ClaaaC*... 

Claas  A 

ClaaaB.... 
Class  D.... 
ClaaaA.... 

757 
1 
1 
4 
8 
84 
1 

866 
1 
4 
28 
8 
2 

600 

1 

757 

758 

750 

763 

766 

800 

801 

1.167 

1,168 

1.172 

1,106 

1,106 

1,200 

1,800 

760' 

764 

767 

802 

'"'  i.'iio 

1.178 
1,106 
1.100 
1,201 

1,800 

Weight,  12.75  ponnda. 


POWDERS. 


Du  Pout's  powders  were  used  tbroa^bout  tbe  experiments.  The  fol- 
lowiufc  kinds  were  employed :  IKI)  and  1KB,  each  bavinf?  a  dennity  = 
1.725,  and  granulation  of  2,200;  LX,  LXA,  LXB,  each  witb  density  = 
1*706,  granulation  270;  and  LY,  witb  a  density  =  1.0G2,  and  granula- 
tion 270. 

Only  2  rounds  were  fired  witb  LY  powder,  3  with  1KB,  19  witb  LX, 
and  142  witb  LXA. 

Tbe  principal  firing  was  done  witb  tbe  IKD  and  LXB  powders,  tbe 
former  being  used  in  790  rounds  and  tbe  latter  in  600  rounds,  making 
1,556  rounds  fired  since  date  of  report  upon  first  244  rounds. 

aAS-CHEGKS. 

Two  kinds  of  gascbecks  were  used — the  Freyre  and  De  Bange. 
These  are  described  and  figured  in  tbe  report  of  tbe  Ordnance  Board 
published  as  Appendix  14  in  Ileport  of  Chief  of  Ordnance  for  1884,  pages 
141  et  tteq. 

EXPERIMENTS. 

These  were  made  at  the  ordnance  provinggrounds  at  Sandy  Hook,  New 
.Jersey. 

RESULTS  OF  FIRING. 


The  details  of  tbe  firing  trials  are  given  in  the  firing  records  and  table 
of  enlargements  of  bore  and  chamber  appended  uud  forming  part  of  this 
report. 

PRESSURES  AND  YELGOITIES. 

A  summary  of  tbe  pressures  and  velocities  obtained  with  the  several 
kinds  of  powder,  usi&g  a  charge  of  3.5  pounds  witb  a  13-pouud  pro- 
jectile, is  given  below  in  Table  B. 


494 


REPORT  OP  THE  CHIEF  OP  ORDNANCE. 


The  oomplete  tabolation  of  preesures  and  velocities  for  the  above 
charge  will  be  foand  appended  in  Table  I. 

Table  B. — Abstract  of  pre9»ure$  and  o«/od(iM. 
[Weight  of  powder-charge,  3.5  pounds;  weight  of  projectile,  18  poimde.] 


Hesfiof 
roandi. 


4 

8 
8 
3 

4 
6 
6 
4 
1 
9 
6 


Kind. 


Inetnunental  veloeifcy. 


From 
mncsle. 


FmL 
100 
100 
100 
100 
128 
128 
107 

luo 

100 
100 
IOC 


per  second, 


Feei. 

1.  wx 
1,  flA 

1.044 
1.621 
1,027 
l,.S8l 
1.594 
1.  rf»:i 
1,505 
l.OriO 


Preesare 

pernqiisre 

inoh. 


Ptmndt, 

;hi,  rt  7 

32,OU0' 
30. 5'Jl 
HO  M75 
31  208 
28,929 


35,933 


Table  II  gives  all  the  pressures  and  velocities  taken  in  which  some 
of  the  elemi^nts,  sach  as  weight  of  powder  charge,  &c.,  di£fered  from 
the  conditions  given  in  Table  I. 

The  LXB  powder  gives  higher  pressures  and  velocities  than  the  IKD 
powder.  With  3.5pound  charges  LXB  gave  a  mean  velocity  of 
1,686  feet  per  second  with  a  pressure  of  H5,933  pounds  per  sqnare  inch. 
In  using  the  Freyre  gas  check  the  powder  space  is  greater  than  with 
the  De  Range,  and  the  charge  was  increased  to  3.75  pounds  to  give 
about  the  same  density  of  loading  and  maintain  the  pressures  and 
veloc*ities  at  abont  same  as  those  obtained  with  the  3.5-poand  charge 
and  De  Bange  check. 

The  following  is  a  summary  of  the  velocities  and  pressures  obtained 
with  3.75-pound  charges  of  LXB  powder : 

Table  C. — Abstract  ofpre$9ure9  and  rr loei/tet  obtained  with  Z.7bpound$  of  LXB  powder. 


Hew  of 

roonds. 

Pressure 

Velocity 
pers«oond. 

Bemarks. 

a 

3 
3 

Poundt, 
30  100 
34  000 
35.083 

pMt. 

1.715 

1,740* 

1,74810 

Gnn  oold. 
Gun  hot 

*  The  meen  of  the  first  two  rounds  in  this  irroap  is  1.747  feet  per  Becott<1.    The  third  ronnd,  Ibr 
reason,  dropped  to  1,738  feet  per  second,  whiui  lowered  the  mean  to  1,740.3  feet  per  second. 

BAHaK. 


The  ranges  of  this  gnn,  for  differences  of  2<^  in  elevation,  were  deter- 
mined beginning  with  2^  and  ending  with  2(K>  elevation,  the  limit  per- 
mitted by  the  carriage.  The  time  of  flight  and  deflection  of  the  pro- 
jectiles were  also  observed.  Table  lU  shows  all  the  details  of  the  firing 
for  range.    A  summary  of  this  table  is  given  below  in  Table  D. 
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Tablk  D. — Time  offlightf  tnaximum,  miiitmiiiii,  and  mean  ratiges  and  dtfleoHon  of  projeo- 

iUe9fwr  the  3.2-iiicA  Btetl  JUld-ffun. 


I 


o 

2 

4 

6 

8 

10 

12 

14 

16 


Time 
of 


4 

&6+ 

0 

11.45 
18.8 
15.7 
17.0 
20 


18  ,  22 
20  I  24<|- 


Maz. 


TordM, 

i.aus 

2,370 
8.0A4 
3.053 
4,106 
4.853 
5.314 
5.710 

6.155 

116,66* 


Uin. 


Tarda. 
1.566 
2,348 
3.U22 
3.021 
4.1*28 
4.780 
5.2-i4 
5.667 

6.031 


H«MI. 


TardM. 

1,514.0 

2.364.2 

8,  036.  3 

3.fti5.6 

4,150.5 

4,  8:4 

,5,  no.  6 

5,600.8 
6,006.7 


6, 414  ;6, 470. 1 


Defleeiion. 


Msz. 


Tarda, 

•2.75 

f2.75 

•1.5 

t8 

118 

•40.25 

'37. 2SI 

•38.251 

tt>0.5  I 

tlOl.7! 


Min. 


Tard*. 
to  76 
•0.25 

•  •  • 

to 

tl2 
•45 
•28 
•23 


tl01.75| 


•31 

ttiO 


Uma. 


TorU 
•0.8 
tl.5 
•0.7 
16.0 
tl5 
•40.4 
•3J.52 
•28. 25; 

t35.85 

t«5.6  ' 


Recott. 


Axis 
of  gun 
•bore 

loTrl 
of 


FMt. 

0.8 

0.6 

8.5 

8.07 

8.125 

8.07 

8 

8.16 

7.  fc25{ 

7 


Ffst. 
14.3 
16.6 
12 

12.0 
12.7 
13.2 
18.7 
13.0 

:i4.2 
13.  2 
12.8 


T 

i 


Wind. 


Direction  tnm— 


Front  ftnd  left,  32^ . 

Front, 

Fniiit  and  left.  320. 
Fioninn<1  lrft,S2o. 
Front  and  lrft.320. 
Rear  tnd  rifihu  'i^ 
Kenrnidri»:ht.36o 
Kear  rad  right,  h^o 
Krnr  end  rigltt  W* 

Itrnr 

Konr 


Velocity 
per  botir. 


MUet. 

9 

6 

6 

6 

6 

20 

20 

20 

20 

11 

11 


•LefL 


t  Right.  :  Fimt  five  ronnds. 

II  Greatest  range  attained,  8. 73  miles. 

BXTREME  RANOE. 


§  Second  flre  rounds. 


Several  attempta  were  made  to  obtain  the  extreme  ranp^e  under  angles 
greater  tlian  2oo^  hut  without  snccefiH,  due  to  the  imposMibility  of  seeing 
the  Hniall  nplanh  made  by  the  projectile  wheu  it  struck  the  water  at 
such  loug  distances. 

ACCURACY. 
1. — ifoaii  deviation. 


Distance  of  target  from  gnn. 

620  feet. 

Imlle. 

IWI. 
1  00 
3.20 

1  mile. 

Mean  vertical  deviation  from  cent««r  of  imfUMt  . 
KeanhorisontaldeviatioD  from  center  of  Impact. 

Hean  deviation  from  center  of  impact 

Kind  of  carriage  need 

J'Mt 

.27 
.43 

.51 

Pel. 

1.76 
1.63 

2.40 

3.77 

Old  iron 
field. 

30'ndr         flii-n^r     1 

Parrott. 

Parrott. 

\D*tU:  AprillM885.  <7un ;  8'V2breech-loadingrifle  (ste«16e1d-gnn).  Carriage:  Old  iron  fleld-osrrlage. 
Pvwder:  Kind.  On  Poot*s  LX;  den«ityr=  l.7ii6;  grannlation  = /70 ;  w^-lght  of  charge.  3.5  poiintls. 
Prc^iU:  Kind,  snlid-hand  einorimenUl  shAll;  band.  3".:i  in  disra-  ter.  0".5  wide;  bt'veled  front  and 
rf»ar  «reightf*f  =  ^Hpoonds.  MUfmtion  =0o.  it0eoi<  =  m4ximam.  17'  5  ;  minlmnm.  7' .08:  mean,  I3'.30. 
^ttm5sr  of  Are = 703  tn  700.  dumber  of  nxundt  =  7.  Target :  Dista  nee  —  630  feet  fh>m  gun ;  aiae  s  6 
hf  7  fcei.     wind:  Direction  frtna  re^r  and  right,  87<>:  forc«,  16  milee  per  honr.] 


RooBd. 

Distance  from  center  ef  tnrgei. 

Distance  from  center  of  impact 

VertioaL 

Horixeaul. 

Ven 
Abovcw 

kieal. 

Horiaostal. 

.  4 

Above.,  Below. 

Rigbt. 
Feet 

Left 

Belew. 

Right 

Left 

Feet 

0.07 
0.67 
0.17 
0..W 
i.13 

oto 

0.83 

Feet 

Feet 

0.42 
0.12 
L83 

•  •  •      •  ■  •  > 

0.06 
0.00 

0.84 

Feet. 

a  .12 

0.22 
'OlIs" 

***o.'a8' 

Feet 

■     •     •      •                •       V      • 

0.28 

"*0.'82* 
0.85 

Fe§t 

0.24 

■"i*72' 
0.78 
0.27 

JVst 
0.06 

""0.07' 

•  ■  ■      •  •  «  • 

0.48 

0.86 

a    *          •    •    •    • 

8.15 

0.86 
2.  52  -•- ' 

%8i 

0.06 

0.06 

L51 

1.51 

8. 151-' 

r  =  0.45 

f  — 0.86 

l.OOi-' 

r=0.27 

8.02-*>^ 

f  — 0.43 

1 

Mean  vmtira  d**\i«'ii>n  fn'iii  i*«'nt««i  »f' iiiu»iicl,  0  2r  l«e  . 
lf*«n  horisontal  devlatioii  from  o<<nter  of  impact  <'.43  feet 
Keen  deviation  from  center  of  impact,  0.51  feet 
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3. — Accuracy  at  1  mile, 

[DaU :  April  1, 1885.  Oun :  Z".2  breefth«loadincrlfl<«  (tt^el  fleld-iniiL)  Oanim .-  SO-ponsdef' Paffoti 
Powder:  Kind,  Diipont's  LXA.;  daoniiv,  1.706;  sraaulatioo, '270;  weigbtof  charge,  3.5 puaod*.  iV»' 
jectUe:  Kind,  nolid  bftad  «<xp«rimeuUi  iheU:  band.  3"  0  diftmrtor,  0".5  wido,  beveUd  A  on  t  tad 
mar;  wei^Ut  of  =:=  13  p  uinds:  iMi»lrum«*nt»l  velocity,  at.  lUO  f«et  from  muxxU.  1.^9^  f***t  p«r  aeeood. 
Eleoition:  2^  .13'.  lUeoU:  If  txioKiin,  3'.72 ;  minimao,  3'  00;  me«n.  A'.U.  Number  of/Ire:  628  UtSUL 
Number  of  round*:  0  Target :  liUtaocn.  1  mile  from  gaa ;  ilze.  20'  by  40^ :  axi«  of  giiiL.  5'.8  abovi 
oeuterofbaH'i  eye  of  tercet.  Wind:  Dirt^etloii  trom  reftr  and  right,  87^;  force,  flz«t  four  roniidt, 
12  milee  per  hoar ;  Ust  fire  roan<l«,  14  mile*  per  hour.] 


Konnd. 

Distance  from  center  of  tai^get 

Dlatance  from  oenterof  impact. 

TerUcaL 

HoriEontal. 

Vertical 

Horizontal. 

Above. 

Below. 

1 
Right  j  Left 

1 

▲bore. 

Below. 

Right    Left 

1 

Feet 

Feet. 
0.50 
5.00 

• 

Feet.      FeeL 

11.00 

Feet 

1.63 

Feet 

Feet 

Feet 

6.47 

2 

L68 

2.87 

6.21 

8* 

4 

4.34 

5.00 
1.34 
0.18 

Su75 

'o.'to' 

1.95 
2.45 
1.13 

2.21 
2.87 

*3.53 
1.53 

L22 
"'4*47 

'**6.*64 

5 

3.00 
9.90 
1.00 

aoo 

&17 

6 

7 

8 

9 

0.32 

1.00 

1 

0.32 

17.86 

L68 

37.92 

7.95 

7.95 

1180 

1186 

17. 041-8=2. 13 

86. 24  f  8=4. 53 

16.901-8=1.99 

26. 60-4-8-1 20 

*  Under  target 

M«an  Tertical  deyiation  firom  center  of  impact.  1  99  feet. 
Hrao  horiKODtal  deTiation  from  center  of  impact,  3.20  feet. 
Mean  deviation  from  center  of  impact,  3.77  feet. 

4. — Accuracif  at  1  mile. 

[Dafi 

Pmoder: 

Kim 

of  13  pom 

fire:  7i0  to  757.     Number  uf  round*:  0.     Tanet:  Distance.  1  mile  fr-om  gun;  nize.  'iU'  by  40*.    Wind: 

Dirfx'tioB  of  flrat  nix  rounifn,  fntm  rear  and  left,  3°;  for  aevenih  muud,  from  fr-.nt  ami  right.  4»0:  for 

eigbt  and  ninth  round,  from  roar  and  left, 3°.     Force:  FlrAt  round,  12  milet;  neoond.  10milr<«:  thiid, 

12  niJloa;  fourth,  fifth,  and  sixth,  11  miles;  seventh,  6  miitNi;  eight  and  ninth,  4  mii««,  por  hoar.] 


Distance  from  center  of  target. 

Distance  from  center  of  impact. 

Round. 

Vert 
Above. 

leal.       1     Horisontal. 

1 

Ve^cal. 

HorizontaL 

Below. 

Right. 

Left. 

i 
Above,  j  Below. 

Right 

Left 

1      .  . 

Feet 

Feet 
150 
L^O 
2.00 
198 
8.00 
2.00 

Feet 
2.66 

Feet. 

Feet. 

Feet. 
0.81 

Feet. 
102 

'  "6.59 
0.42 

Feet 

'2.24* 
0.49 

174 

2 

2.50 

0.81 

3 

*  6. 33 

0.75 

!      181 

167  j 

169    

4  

^ 

5 

0.16  ' 

0 

100 

131 

7*          

8 

a.!50 

2.34 

0.81 

160 

....      - •  • 

L06 

9         

5.00 

1.32 

0.69 

V      ........... 

.*«••*•• 

' 

84.48 

5.49 
2.08-!- 

7.57 

7.05,      7.05 

653 

6.53 

84. 48-1-8=4. 31 

8=0.26 

14.101-8=1.76 

11061-8=1.63 

*  Under  target. 

Hean  vertical  deviation  from  center  of  impact.  1.71  feet. 
Mean  h  irisontal  deviation  from  center  of  imnaot,  1.63  feet. 
Hean  deviation  Arom  center  of  impact,  8.40  f«iet. 
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RAPIDITY  OF  FIRE. 


Twenty-one  (21)  trials  were  made  to  ascertain  the  number  of  rounds 
that  could  be  fired  per  minute.  The  maximum  was  2  and  the  minimum 
0.63  rounds  per  minute,  the  gunners  seeking  shelt'er  during  each  round, 
which  caused  a  slight  loss  of  time.  *  These  trials  are  given  in  Table  lY. 

JUMP.    . 

yrhe  correction  for  the  angles  of  elevation  due  to  the  use  of  the  steel 
field-carriage  was  deteimiued.  The  results  of  the  observations  are 
given  in  Table  E. 

Table  E. — Angle  of  Jump. 

IDaU:  Marob  25,  1886.    Oun:  8".2  breeob-loadioff  rifle.    Carriage:  Steel  fleld-oaxriage.    Proj^etOs: 
^  SoUd-bftod  experimental  ebell  (new) ;  weigbt,  13  pounds.     Povder:  DaPont  LXA.,  S.,  1.700;  orui* 
filiation,  270 ;  weigbt  of  powder-charge,  8.6  ponnda.    JHstanes  qf  target  from  gun:  50  feet.     WwmI: 
From  rear,  11  milea  per  hour.  J 


ii 


a 

o 


X 
2 
1 
2 
I 
2 
1 
2 
1 
2 
1 
2 


■Sl 

1 

9 

9 

^ 

» 

0 

618 

0 

019 

0 

010 

4 

017 

4 

OU 

8 

OlS 

8 

012 

12 

013 

12 

010 

10 

Oil  , 

10 

008  ' 

20 

000  , 

20 

I     -4 


8 


Feet, 
«.76>, 
0. 75  5 
8.5    ) 
10.0   5' 
8.0    ) 
8.0    5 
7.5    I 
7.5   }i 
7.0    il 
ao  $1 
8.0    l\ 
7.255i 


« 


20  00 

22  15 

23  15 
20  45 
17  07 

24  20 


OBTURATION  AND  BREECH  MECHANISM. 

^The  action  of  the  interrupted  screw  and  the  two  gas-checks,  Freyre 
and  De  Bauge,  were  very  satisfactory.  When  once  adjusted  the  Freyre 
check  operated  admirably.  Both  are  very  effective  gas-checks.  For 
details  of  their  action  see  Table  Y.  The  number  of  rounds  that  have 
been  fired  with  each  gas-check  is  as  follows : 

Bonnda. 

Freyrel 704 

DeBange 1096 

Total i 1800 

ENDURANCE. 

The  Board  decided,  April  2, 1885,  upon  an  endurance  test  of  800  rounds, 
but  on  May  1, 1885,  after  a  correspondence  between  the  Ordnance  Board 
and  the  Ghief  of  Onlnance,  United  States  Army,  in  regard  to  the  en- 
durance test,  the  Board  decided  to  fire  one  thousand  additional  rounds, 
making  eighteen  hundred  rounds  iu  all  to  which  the  gun  has  been  sub- 
jected. After  examination  and  star-gauging  the  gun  was  found  to  be 
still  serviceable. 

VENT. 

Impressions  were  taken  of  the  vent  after  the  800th,  854th,  and  954th 
rounds.  A  new  copper  vent  bushing  was  inserted  after  the  954th  round. 
After  the  1329th  round  the  vent  was  found  to  be  stopped  by  the  up- 
setting of  the  copper  bushing,  and  had  to  be  drilled  out. 

4625  CRD 32 
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ENLARGEMENT  OF  THE  BORE. 

a.  Powder  chamber. 

The  diameters  of  the  powder  chamber  were  measured  with  calipers  at 
11.2, 13.2,  and  15.2  inches  from  the  breech  before  flripg,  and  after  the 
«th,  6th,  9th,  16th,  23d,  33d,  60th,  60th,  70th,  100th,  152d,  244th,  275tb, 
316th,  459th,  854th,  954th,  1054th  (hot),  1054th  (cold),  1167th,  1300th, 
1486th,  and  1800th  rounds. 

SUMMARY. 


Meoanrementa  when  taken  after. 


Sth 

S15th 

460th 

8Mth 

1054th 

1054th 

1300th 

1486th 

1800th 


round . .  .... 

round 

round  

round 

round  (hot) . 
round  (cold) 

round 

round 

round , 


Enlargementa  from  breeoh  at~ 

!      11".  2 

18".  2 

15".  t 

If%eh, 

Ineh, 

/fMh. 

0.012 
.001 

0.004 
.005 

-%042 

.002 

.005 

-^042 

.002 

.004 

-^041 

.021 

.014 

-s037 

.011 

.006 

—.040 

.002 

.005 

—.041 

.002 

.005 

-s0i2 

.001 

.005 

— s040 

The  means  of  measurement  were  crude,  and,  except  at  the  point  13.3 
inches  from  the  breech,  are  not  considered  very  reliable. 

Rifled  portion  of  bore. 

The  gnn  was  washed  out,  examined,  and  star  ganged  after  the  276thy 
S16th,  355th,  405tb,  455th,  6G(>th,  800th,  854th,  954th,  1054th  (hot), 
1054th  (cold),  1167th,  1300th,  1486th,  1686th,  and  1800th  rounds. 

The  enlargements  of  the  bore  were  found  to  be  as  follows  : 


Enlarj^enients  after  the — 


Distance  frotxx 
muzzle. 


4r»5tb 

round 

(cold.) 


Inch. 

linch 0.002 

20  inches .004 

40  inches .005 

50  inches .005 

60  inches !  .007 

65  inches '  .000 

70  inches .012 


1054  th     '     148CtIi         1686th    i 
round         rouud         round 
(cold.)       (warm.)        (culd.) 


1800th 
round 
(cold.) 


Inch. 

0.005 
.006 
.010 
.012 
.013 
.015 
.010 


Inch. 

Inch. 

0.006 

0.006 

.008 

.009 

.012 

.011 

.014 

.014 

.018 

.018 

.021 

.023 

.026 

.030 

Ineh. 

0.008 
.010 
.Oil 
.014 
.019 
.023 
.030 


7he  maximum  enlargement  of  the  rifled  portion  of  the  bore  as  shown 
by  the  star-gauging  was  as  follows : 


Aft4>r 

At  dis- 
tance from 

Maximum 
enlarge- 

round — 

niuszle 

equal  to— 

raent. 

Inehea. 

Ineh. 

100 

70 

0.009 

200 

70 

.008 

815 

70 

.011 

405 

60 

.012 

666 

70 

.012 

800 

70 

.016 

054 

70 

.017 

♦1054 

70 

.019 

1167 

70 

.020 

1300 

70 

.022 

1486 

70 

.026 

1686 

70 

.080 

1800 

70 

.030 

Cold. 
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After  the  1054th  round  the  gun  was  star-gauged  while  hot,  and 
again  after  it  became  cold,  to  ascertain  the  amount  of  the  enlargement 
due  to  the  heut  developed  in  firing.  The  table  given  below  shows  the 
enlargements  with  the  gun  hot  and  cold,  together  with  the  differencea 
due  to  the  heat : 


Distance  from  the  massle. 


EnlnrfremeDteof  the  bore  after 
lOMtb  round  with  the  gun. 


linoh.., 
10  inohee 
26  inches 
86  inches 
46  inches 
56  inches 
60  inches 
65  inches 
70  inches 


Hot 


IfMA. 

0.010 
.013 
.014 
.016 
.018 
.018 
.018 
.021 
.023 


I 


Cold. 


/pmA. 
0.005 
.006 
.000 
.010 
.010 
.012 
.013 
.015 
.010 


Differences. 


Inch. 

0.006 
.007 
.005 
.006 
.000 
.006 
.005 
.006 
.004 


XLTEBATION  OP  MODEL. 

The  Board  decided,  on  March  12  and  April  2,  1885,  to  recommend 
certain  alterations  in  the  model.  Subsequent  to  this  action  the  <1etaila 
and  outlines  of  the  3.2-inch  steel  breech-loading  rifle  were  changed 
and  settled  by  correspondence  between  tlie  Ordnance  Board  and  the 
Chief  of  Ordnance,  United  States  Army ;  therefore  no  further  action  in 
regard  to  the  subject  has  been  taken  or  is  necessary  on  the  part  of  this 
Board. 

OPINION. 

The3.2  inch  breech-loading  steel  rifle  has  been  "  subjected  to  the  proper 
test,  including  such  rapid  tiring  as  a  like  gun  would  be  likely  to  be 
snbjected  to  in  actual  battle,  for  the  determination  of  the  endurance  of 
the  same,"  to  the  satisfaction  of  the  Board. 


BEGOMMENDATION. 

The  Board  would  respectfully  recommend  that  the  3.2.inch  breech- 
loading  steel  rifle,  or  its  modiflcation,  heretofore  mentioned,  as  a  suita- 
ble gun  to  *'  be  put  to  use  in  the  Government  service.'' 

T.  G.  BAYLOR, 
Colonel  of  Ordnance,  President  of  the  Board. 

F.  n.  PARKER, 

Major  of  Ordnance. 
GEO.  W.  MoKEE, 

Major  of  Ordnance. 
CHARLES  SHALER, 

Captain  of  Ordnance. 
D.  A.  LYLE, 

Captain  of  Ordnance^ 
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Table  llU^Tahle  o/fire$  to  obtain  ranget  at  different  eUvatione, 

BLBVATIOK  OF  2  DBaRSBS. 

[Oiu:  8.2-inoh  broeob-loading  riae  (steel),  carriage  (steel).  (WatervUet  Arsenal).    Projectile:  Belli 
band,  experimental  ahell ;  weiKnt.  13poands.    t*owder:  Da  Pout's  LXA;  density,  1.706;  jcranalatiMi 
S70 1  weight  of  obarge,  8.5  pounds.  1 


Nnnber  of  rounda. 

Date. 

KeooU. 

507 
508 
509 
510 
511 

1885. 
Mar.  18 
Mar.  18 
Mar.  18 
Mar.  18 

Map.  18 

Fut. 
9 

9 

10 

10 

^L 

10 

512  !  Mar.  18 

513  ;  Mar.  18 

514  '  Mar.  18 

515  Mar.  18 

516  1  Mar.  18 

10 

10 

10 

10 

10    *      ^        "'^ 

10 

Heaa. 


Time  of 
fllgbt 


S^eondt. 


IS 


9.8 


Range. 


Tard9. 
1,578 
1,505 
1,589 
1.566 
1,584 
1«600 
1,571 
1,578 
1,580 
1,608 


1,584.9 


Defleotion. 


Bight 


Yard*, 
0l5 
0.126 
0.5 


0.26 
0.75 
0.5 
0 


Left. 


L» 


0 

L! 


0.t 


BLBVATION  OF  4  DBGRBBS. 


:  >    1885. 

1 I  517    Mar.  18 

2 518    Mar.  18 

B * '  519     Mar.  }S 

4 1  520    Mar.  18 

» ,  521    Mar.  18 

e '  622    Mar.  18 

7 i  523;Mar.l8 

8 524    Mar.  18 

9 525  I  Mar.  18 

10 '  526    Mar.  18 

Mean ! 


12 

H 

1        9 

6 

9.5 

6 

9.5 

6 

9.5 

6 

9.5 

64 

9.5 

M 

9 

0* 

a5 

6t 

Lost 

«* 

9.6 

6.6f 

2,370 
2.363 
2,361 
2,365 
2,350 
2.350 
2,876 
2,370 
2,371 
2,348 


2,364.2 


0 

0 

2.5 

0 

2.75 

2.75 

2.25 

2.5 

2.5 

t 

1.5 

1 

0 

0 


BLBYATION  OF  6  DBGBBBS. 


527 
528 
529 
530 
531 
582 
533 
534 
585 
530 


188& 
Mar.  19 
Mar.  19 
Mar.  19 
Mtir  19 
Mar.  19 
Mar.  19 
Mar.  19 
Mar.  19 
Mar.  19 
Mar.  19 


I 


8.5 
8.5 
&5 
8.5 
8.5 
8L5 
8L5 
8.5 

ai 

&5 


&5 


9 
9 
9 

Oft 
9 

9ft 
•9 

H 

9 
8| 


8.037 
3.088 
8.030 
3,045 
3,054 
3.043 
3.043 
3,028 
3,022 
3,024 


8, 036w  3 


0 
0 
0 
0 
0 


LS 

l.i 

0 

LM 

LSfl 

0 

0 

0 

0 

Li 


a7 


ELBVATION  OF  8  DBOREBS. 


537 

1885. 
Mar.  10 

8 

8.26 

8 

8 

8 

8 

8 

8 

8.25 

8.25 

11 

8,633 
V,638 
8.634 
3,682 
8.643 
8.621 
3,653 
3,642 
8,643 
3,622 

6w5 
6w5 
8 

588    Mar.  19 

539  >  Mar.  19 

540  Mar.  19 

541  ,  Mar.  19 

542  ■  Mar.  10 

548 
544 
545 

Mar.  19 
Mar.  19 
Mar.  10 

10  ...V.'.V.V. '..'. ' 

546    Mar.  19 

1 

Hean 

8.07 

11.45 

1        3, 63&  6 

&9 

1 
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Table  III. — Table  offirea  to  obtain  rangtB  at  different  elevatione — Continned. 

ELEVATION  OF  10  DE6BBBS. 


Number  of  rounds. 


1 
f 
i 

4 
5 
6 
7 
8 
9 
10 


Mean. 


0 


547 
548 
549 
650 
651 
552 
553 
554 
555 
656 


Date. 


1.^. 
Mar.  19 
Mar.  19 
Mar.  19 
Mar.  19 
Mar.  19 
Mar.  19 
Mar.  19 
Mar.  19 
Mar.  19 
Mar.  19 


Beooil. 


F«eL 

7.75 

8 

7.75 

&25 

8 

8 

&25 

8.25 

8.5 

&5 


a  125 


Time  of 
flight. 


Seeondi. 
134 
14 

isf 

134 
14 


13.8+ 


Bange. 


Tariff, 
4,165 
4,166 
4,156 
4,128 
4,143 
4,165 
4.155 
4,155 
4.128 
4,144 


4, 150. 6 


Defleetioii. 


Eight. 


Fordt. 
12.25 
12.26 
13 
18 

17.5 
12 

12.5 
17.25 
16 
17.5 


15+ 


Left. 


Yards. 


ELEVATION  OF  12  DEGREES. 


1 
t 
8 
4 
6 
6 
7 
8 
9 
10 


Mean. 


568 
659 
560 
561 
562 
563 
664 
565 
666 
567 


1885. 
Mar.  24 
Mar.  24 
Mar.  24 
Mar.  24 
Mar.  24 
Mar.  24 
Mar.  24 
Mar.  24 
Mar.  24 
Mar.  24 


8 

7.5 

8 

8 

8 

8 

8 

a50 

&25 

8.60 


ao7 


16.7 


4,789 
4,813 
4,858 
4,839 
4,838 
4,832 
4,847 
4.790 
4,801 
4,838 


4,624 


48.75 

49.26 

45.75 

46.50 

4&50 

45.26 

45 

44 

49.25 

4&S0 


46.S75 


ELEVATION  OF  14  DEGREES. 


1 

568 
669 
570 
571 
572 
673 
674 
675 
576 
577 

lf85. 
Mar.  24 
Mar.  24 
Mar.  24 
Mar.  24 
Mar.  24 
Mar.  24 
Mar.  24 
Mar.  24 
Mar.  24 
Mar.  24 

8.25 

8 

8 

8.25 

8 

7.76 

7.75 

8 

8 

8 

17J 

18 
17i 
18 
18 

171 
17| 

171 
18 

171 

6^268 
5,814 
5,248 
5,285 
5,285 

87.36 

2 

29l50 

8 

29 

4 

29.25 

5 

V..V.V. 

29.25 

6    

5,284 
6,248 
6.224 
6,298 
5,251 

29.26 

7 

29 

8 

28 

9 

37.50 

10 

37.25 

Mmhi                     .     . 

8 

17.9 

5. 270. 6 

31.62 

ELEVATION  ON  16  DEGREES. 


1 

678 

1885. 
Mftr.  24 

8.25 
8 

7.75 
8 
a  25 

as 
a  26 
a  26 

8 

a  33 

20 

20 

20i 

20 

20 

20i 

20 

m 

20 
204 

6,702 
6,708 
5,671 
6,698 
6,684 
5,702 
6,671 
5^716 
5.684 
6,667 

33.50 

a 

679  '  Mar.  24 

23.50 

580 
681 

Mar.  24 
Mar.  24 

28.25 

A 

23.50 

682  i  Mar.  24 

683  Mar.  21 

684  Mar.  24 

38 

8a  2S 

2125 

5a5 

686 

Mar.  24 
Mftr.  24 

8a25 

18 

10 

587    Mar.  24 

S3 

Mean t r,,. 

a  16 

20 

6,690.3 

29.35 

BEPOBT  OP  THE  CHIEF  OF  ORDNANCE. 
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Tablk  III. — Table  of  fires  to  obtain  rangee  at  different  eleeatione — Continned. 

ELEVATION  OF  18  DEORSE& 


Nunber  of  xoands. 


I 


Date.    ;   Recoil. 


1 
2 
% 
4 
6 
6 
7 
8 
9 
10 


Hean. 


588 
589 
600 
591 
592 
503 
504 
605 
506 
507 


1885. 
Mar.  24 
Mar.  24 
Mar.  24 
Mar.  24 
Mar.  24 
Mar.  25 
Mar.  25 
Mar.  25 
Mar.  25 
Mar.  25 


Feet. 

8.26 

7.50 

8 

8 

8 

&50 

7.75 

7.76 

7.25 

7.26 


T825 


Time  of 
flight 


Baagow 


Seeonde. 


22 


22 


22 
22 


Yard*. 
6.150 
6,096 
6,000 
6,088 
6,000 
6,155 
6,145 
6,081 
0,064 
0,108 


Defleotlon. 


Right 


Yarde, 


22 


6.006.7 


20 

30.50 

58.50 

70.76 

80.50 

70 

70.50 


36.86 


Left. 


Yardt. 
81 

80.26 
30.50 


SLBVATIOK  OF  20  DSGRSBa 


1 

t 
» 
4 
6 
6 
7 
8 
• 
10 


Mean. 


508 
500 
600 
601 
602 
003 
604 
605 
606 
607 


1885.  ! 
Mar.  25! 
Mar.  25 
Mar.  25 , 
Mar.  25 
Mar.  25  ' 
Mar.  25 
Mar.  25, 
Mar.  25 
Mar.  25  ; 
Mar.  25 


7.5 

7 

7 

7 

7 

6^75 

7 

a  75 

7 

7 


24  + 


6.456 
6,472 
6,467 
6^  606 
6,472 
6,414 
6.601 
6,564 
6,401 
6,448 


6, 470. 1 


80.26 
00.76 
06.50 

101.50 
00.76 
00.50 
89.50 

101.75 
88.50 
88 


06.6 


Table  IV. — Rapidity  of  fire,    3.2-ificik  hreec^-loadxng  rifie. 


£ 


1 

a 

8 

4 


ft 

6 
7 
8 
0 
10 


11 
IS 
18 
14 
16 
16 
17 
18 
10 
20 
21 


Komher  of  fire. 


From 

Toanda 

No.— 


To 

ronnda 

No.— 


Total 
nnmber 


Time 
required 


ronnda.    forflriiig. 


876 

315 

866 

405 

710 

748 

767 

800 

805 

829 

830 

854 

866 

879 

880 

904 

005 

054 

065 

1064 

1055 

1100 

1104 

1167 

1200 

1250 

1261 

1300 

1862 

1886 

1388 

1411 

1412 

1488 

1487 

1536 

1537 

1686 

1587 

1636 

1887 

1686 

40 
50 
30 
34 


25 
25 
25 
25 
50 
100 


46 
64 
42 
60 
25 
22 
72 
60 
50 
50 
50 


Minutea. 
37.5 
79 
50 
50 


20 
18 
23 
23 
40 
90 


23 

60 

35 

45 

18 

12 

47 

32 

25 

28.5 

46 


Number 
of 

rounds 
fired  per 

minute. 


Remarks. 


1.06 

.63-h 

.78 

.68 


1.25 
1.39 
1.084- 

1.084- 

1.25 

1.11 


2.00 
1.06 
1.20 

1.114- 

1.80 

1.83-1- 

L31+ 

1.56+ 

2.00 

1.75+ 

LU 


Gun  being  sponged  out  after  each  ten  rounds. 

Including  tne  interval  after  round  786  re- 
quired to  sponge  out  gun  and  replace  bent 
eieratftng-screw  by  new  one. 

Gun  cleaned  out. 


Temperature  of  chase  of  gun  near  mosale 
3740  F.  at  end  of  firing.  Gun  star-gauged 
while  hot,  and  again  when  odd. 


RAsumA.— JITumfter  0/  rounde  fired  per  minute. 

ICazimam S-OO 

Mlalmnm «.« 

Haul 1-W 
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Tablb  v. — Aotkm  of  obturaiars  and  breeoh  meekmiUiw^ 


4 

Knmber  of 

fire. 

V 

e 

1 

1 

§ 

J 

i 

^ 

fi 

H 

6 

246 

250 

1 

251 

24 

252 

275 

68 

276 

848 

12 

844 

855 

18 

856 

878 

82 

874 

405 

80 

406 

435 

20 

486 

455 

4 

456 

469 

7 

460 

466 

e 

467 

472 

28 

478 

500 

84 

601 

534 

23 

635 

557 

10 

568 

567 

80 

568 

597 

00 

608 

666 

91 

667 

757 

0 

758 

766 

84 

767 

800 

4 

801 

804 

890 

805 

1,200 

5 

1,201 

1,205 

8 

1,206 

1,208 

92 

1,209 

1,800 

86 

1.801 

1,366 

200 

1,887 

1,586 

214 

1,587 

1,800 

1,&56 

Om  oheolu. 


Kind. 


DeBanic*.. 
DeBang*.. 
DeBMig6.. 
DeBaiig6  . 
DeBang6  . 
De  Bang6  ■ . 
DeBang6.. 
«De  Baiig6. 
«D«Bang6. 
DeBAng6  . 
«DeBang6. 
«De  Bang6 
*De  Bangtf . 
•De  Bang6 
*De  Bang6. 
De  Bange.. 
DeBaog6  . 
DeBaDg6  . 
DeBang6.. 
DeBangft  . 
DeBaag6.. 
De  Baiig6 . . 
De  Baug6 . . 
DeBaiig6  . 


JVeyre. 


*De  Bang6 
"Freyre  . 
Preyre  — 
Freyre.... 


AotlOB. 


opened. 


SMfly 

Little  hard 

Easily 

...do  

1  Little  hard  .. 
No  remark* . . . 

-do 

BaaUy 

...do 

No  remarka . . . 

Saaily 

...do 

...do 

...•do 

-..•do 

No  remarka... 
...do 

-do 

Easily 

No  remarks  .. 

...do 

...do 

.    do 

Easily 

»Easay 

*  Rather  hard 

•EasUy   

No  remarks... 


1 


No  remarks. 


Closed. 


Saaily 

Little  hard.... 

...do 

Basfly 

No  remarks... 
•Littiehaid.. 
'Bather  hard. 
Easily 


do 
No 

EaaUy 

...do 

...do   

...•do 

...•do 

No  remarks. 

...do 

...do 

Eaaily 

No  remarka. 

No  remarks. 

...do 

Eaaily 

...do 

do 

..do 

No  remarks. 


No  remarka. 


NonflL 


None. 
Nonei 


Konei 

NonOi. 
NoneL 

NOB& 

Nona. 
Nonew 

NonOi. 
Nonei 
Nfl 


O 


NonSb 


Veryslighi 


NOBSb 

Nmie. 


>  There  being  no  oovering  on  asbestos  of  gas  cheok,  the  asbestos  sqaeesed  oat  and  spread  vwm 
breeoh  block. 

*  A  slight  burr  was  found  on  the  rear  copper  band  of  mushroom  head,  which  made  elosiaig  nihv 
difficult 

*  Gas  check  covered  with  linen  duck,  a  slight  burr  was  formed  on  the  rear  copper  hand  ef  Bsriip 
room  bead  which  made  closing  rather  difficult 

*  Oas  check  covered  with  linen  duck. 
Oas  check  covered  with  asbestos  cloth. 

Gun  opened  and  closed  easily  after  small  burr  on  copper  ring  had  been  remoTed. 
Block  stuck  in  carrier  ring—due  to  projections  in  rear  of  screw  for  catch. 
Breech  block  worked  admirably. 
From  1,251st  to  1,300th  rounds,  50  rounds,  asbestos  mixture  squeeaed  out  somewhat. 

>•  In  rounds  1,801  and  1,802,  excessive  escape  of  gas  making  it  necessary  to  use  mallst  in  oumiu 
block.  In  1,808,  about .  ''005  removed  firom  rear  face  of  obturator,  no  escape  of  gaa,  opened  Uttw  sti£ 
In  1,804th  round,  no  escape  of  gas,  block  opened  and  closed  easily.  After  round  1,329,  vent  stopped  hA 
had  to  be  reamed  out 


f 

9 


1 

Number 

of 
rounds. 

Freyre. 

DeBang6. 

Grand 
tofcaL 

Remarks. 

244 

1,556 

201 
508 

43 
1,058 

244 

1,556 

Previously 
reported. 

Totals.. 

704 

1,096 

1,800 

EEPOBT  OP  THE  CHIEF  OF   OBDNANCE. 

BMord  of  firing  uitK  3.2-JimA  hrt»A-ioaii%g  Hfit  {tteel)  at  8»»ia 


311  Oct.  32 

lt20at.  39 

SSaOet  13 

lUOrL  S2 

tSGOct  33 

SHOet.  13 


Oot    1 


SMOct.  31 

It*  Oct  n 

MO  Oct.  23 

MliOoL  13 

MajOdt.  33 

lasiOcL  i: 

leGOct.  33 

imOot.  33 

MTO'^t.  33 


mot  31. 

B2  0ct  »' 

na'ort  13 

in  Oct  21| 

fliOi't  S3 


—1       30,700 


tl 


M.  tool.  Ml 
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Mook,  N.  J.tflroM  October  15, 1884,  to  September  15, 1885. 


Speeiil  remarks  about  eaoh  fire,  tuoh  m  eflbot  on  piece,  loimd  of  prqjootile  In  fllghti  •oattoiliii  af 

ftagmenUf  &o. 


Gun  mounted  on  lion  oarringo  with  stiffened  cbeeki  (Waterrliet  An«nal). 


I 

i 

I 

& 

a 

1 

3 

B 


3 


I 


•8 
I 

P 

d 
O 


>  Opened  and  doeod  eaiUy.    No  eeoape  of  gaa. 


J 


Oponed  and  oloaed  little  hard.    No  eacape  of  ga«. 


"J. 

$1 


'Opened  easily.    Closed  little  hard.    No  escape  of  gas. 


0  «| 


6nn  washed  ont^  examined,  and  star'gaaged. 


610 
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Record  ofjlring  with  3.9-(ii(i&  h-«eiA-lmidJ«(r  rfjle  (i 


A.  IL — Baromc  tar, 
■0.M7,  therm 


!«7Nov 
M8S0I-. 
Zra.NoT 


SM  S,.v. 


EWM.iv 


if 


m 

III! 
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J3ME,  N.  J.ffnm  Odoher  15,  1884,  (o  September  15, 1885— Continned. 


Special  renarka  aboat  eaeh  Are,  snoh  aa  effeet  on  pl«oe,  aoand  of  projectile  In  flight,  acattoring  of 

lh^Ementa,  Ao. 


Vaw  atael  cap,  aqnaraa,  and  eya^bolta  pnt  on  oaniagew 


Tired  Into  aand-bntt.    De  Bange  gan-chook.    Ronnda  275-815  Inolasive  fired  for  rapidity  In  37|  minntea. 
Gon  cloaed  and  opened  eaatly.    No  eacape  of  gaa. 


512  EEPOET  OF   THE  CHIEF   OF   ORDNANCE. 


cMr,    M.B; 


r 


33»  Sov. 

J37'S. 
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Hookj  N,  J.,  from  Ootober  15, 1884,  to  September  lb,  188&~Continned. 


SpecJal  remarks  ftbont  each  fire,  saob  m  effect  on  piece,  sound  of  projectile  in  flight,  scattering  of 

ft^gmente,  &o. 


Ws«hed  oat,  examined,  and  star-gauged. 


Filed  into  sand  butt    De  Bange  gas-cbeok.    Gun  dosed  and  opened  easily ;  no  escape  of  gas. 


4625  ORD 33 
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Record  of  firing  with  3.2-tncA  hreech-loa^ng  rifle  {eieel)  at  Sandy 


Powder. 


1 


to 

o 

I 


Wgt 


Time. 


Projectile. 

■Wgti 


2  =* 


Kind. 


I 

''I  846 

t  347 

'  348 

849 


1884. 
Nov.    1  1 

Nov.    l' 

Nov.    1 

Nov.    1 


A .  M.— Barometer, 
30.047;  tbermom-s 
eter,  50.8;  humid 
ity,85. 


350:Nov.  1 
851  Nov.  1 

352  Nov.  1 

353  Nov.  1 

354  Nov.  1 
355!  Nov.  1 
356|Nov.  20 
857;  Nov.  20 
358;Nov.  20! 


850 
360 
361 
362 
363 


Nov.  20 
Nov.  20 
Nov.  20 
Nov.  20! 
Nov.  20! 


A .  M.— Barometer, 
30.061;  thermom-4 
eter,  37;  hnmid- 
ity,  83. 


864  Nov.  20 
365^ Nov.  20 

r 

366|Nov.  20 

367  Nov.  20. 

368  Nov.  20, 

369  Nov.  2o{ 

370  Nov.  20' 


371 
372 
373 
374 
375 


I 


Nov.  20 
Nov.  20 
Nov.  20 
Nov.  20 
Nov.  20 


3761  Nov.  20; 

377  Nov.  20' 

378  Nov.  20 

379  Nov.  20 
380.  Nov.  20 
381 'Nov.  20  J 


el 


^ 


s 

o 

04 


Kind. 


s 
9 

O 


3 


1  3 

3!  6 


I 
8  1 

8 


a 
o 

s 
Q 


3 

1 

8i 

1 

3 

8 

3 

8 

3 

8 

I 
3!  8 

3!  8 

3|  8 
I 
8 


8 


8j  8 


3!  8 

I 
3!  8 


3 
3 
3 


8! 
8 


3i  8 

31  8i 

I 

3!  8 


3;  8 

I     I 
3   6 


! 
31  8| 


8 
8 
8 


3|  8 
3'  8' 


9 

a 

I 
I 

► 


9'^ 
CO 


}    ^s 


=3 

OB 

3 

a 
« 

a 

t4 

« 

H 


-d 


a 

o 

el 
► 


o   • 


3|. 

8 

3 


3;- 


g 

a  e 

I'd 
o 


Is 


Lb§.   Fett 


-I 


•i-4 
i 


-4 
-4 


31  i  * 
3;..!-4 
3: h 


3..i-| 

3 

3 

3.--i 

3..— i 

3 

3 


I 


,-» 


3j..-4 
3  -J— I 

3..-i 


Feet 


30,035 


1,631 


11.67 


> 


11.50 


11.33 


I 


9 

•d 

3 

.q 


II 


■d 
a 


r-d 

d 

I 

a 


h 

d 
o 
.a 

§ 

s 

E 


■d 
d 


a 
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* 

Hook,  N,  J.f  from  Ootober  15,  1884,  to  September  15,  1885— Continued. 


Speol»]  revjtrks  aboat  eaoh  fire,  saob  m  effect  on  piece,  soniid  uf  projectilo  lu  dight,  acAttering  of 

fngmento,  &c. 


i 

s 

& 

^1 

i 

S 

a 


JRoands  316  to  356,  inclasire,  fired  for  rapidity  in  42i  minatee. 

There  being  no  covering  on  Mbeetos  of  gM-oheok,  eabeetoe  aqaeesed  out  and  epread  orer  breech  • 

block. 
Gan  opened  little  bard  daring  last  10  round* ;  no  eeoape  of  gae. 


Gan  waebed  ont,  examined,  and  etar-gauged. 


Fired  Into  eaad  bntt,    De  Bange  ns-obeck  covered  with  linen  duck.   A  alight  borr  was  formed  on  the 
rear  copper  band  of  mnabroom  nead,  which  made  cloaing  rather  difflcalt.    No  escape  of  gas. 


Fired  into  saod  butt.  De  Bange  gaa-check  covered  with  linen  dock.  A  slight  burr  was  formed  on  the 
rear  copper  band  of  maahroom  bead,  which  made  cloaing  rather  difficult.  No  escape  of  gas.  Time 
of  firing  lot  of  60, 1  hoar  and  19  minntes. 


REPORT  OF  THE  CHIEF  OF  OEDNAHCE. 

Bectird  of  firing  with  3.2-iiiek  br«tok-loiuling  rifie  («r«et)  a 


A.U.— Banmetcr, 

KI.Ogl,  tharmom- 
■tar.  wt;  hnmid- 


SSSNov. 

MNOT. 

4«lNo*. 
4<>s|lI<iT. 

Mitov. 


Powder.      1 

1 

h 

LU. 

h 

1 

e. 

Kind. 

ft 

ElDd. 

il 

u. 

--* 

..-1 

-t 

•-— t 

--1 

■■"' 
-1 
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:p 
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..-i 

•1 

k 

r 

SO 

SO 

5 

B 
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p 

r 

.1.1 1    L 

1  , 1  s       ,. 
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1 

i 

i 

i 
1 

1 

■ 
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J 

s 

U.00 

, 

, 
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1 
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3  e 
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1    u 
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3            I 
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^     It 
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i      1 
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REPORT   OF   THE   CHIEF   OF   ORDNANCE.  617 

Hook,  2f,  J,,  from  October  15,  1884,  to  September  15,  1885~Continaed. 


Special  remarka  about  each  fire,  sttoh  as  effect  on  piece,  sound  of  projectile  in  flight,  aoattering  of 

firagmentt,  Ac. 


3^ 

be 

02 


12 


■  8 

•So 

0  « 


ial 

■sis 
•f  a« 


I 


9  2  « 
■  a  o 


Onn  washed  out,  examined,  and  star-gaugect. 


Fired  into  sand  butt.    De  Bange  gas-check  covered  with  linen  dnck.    Closed  and  opened  easily.    No 
escape  of  gas. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Record  of  firing  with  ZM-in(^  hreech-loading  rifle  (steel)  at  Somdji 


Powder. 


Time. 


Wgi 


Projectile. 

Wgti 


0  2  '  g-a 


'\       J, 


u   I 


Kind. 


f  418 
419 
420 


P.  M. — ^Barometer, 
M.OflO;  thermom- 
eter, 40.7:  homid  ^ 
ity,  77. 


1864. 
Nov.  20 

Not.  20 

Not.  20 


42i!nov.  20 


422 
423 
424 
425 
426 


Not.  20| 
Not.  20; 
Not.  20' 
Not.  20' 
Not.  20' 


427,NoT.  20 


I 


<  428 

'  429 

>  430 

481 

432 


Not.  20] 
Not.  20 

Not.  20 

I 

Not.  20i 

I 

Not.  20 


438  Not.  20 

I  ' 

434,NOT.  20; 

I 
435  Not.  20 


>     S 

« 


486|NoT.  20' 


437 
438 
439 


Not.  20| 
Not.  20' 
Not.  20; 


440^  Not.  20' 
441  Nov.  20 


443 
443 
446 

445 
446 

447 

44« 


Not.  20 
Nov.  20 
Not.  20 
Not.  20 
Not.  20 
Not.  20 
Not.  20 


a 

I 

0 


9 

P 


■S'S 

O    9 

li 

3i  8' 


3;8| 

s!  a 

I 

3   8: 


Kind. 


8 


8 


3  8 

3*  8 


8 


8 


3   8' 

I    ' 
3   8 


I 

;  3 


8 


3   8 
3'  8 

31  8 


3 


8. 


\> 


3   8| 

3'  J 


3'  6; 

3:8 


3 
3 


8; 

i 


81 


3  8 

I 

3'  8 

3I  8 

3!  8j 
I 

3'  81 J 


2     >B 


•o  ! 


I 
1 

I 

► 

■s 

CO 

9 

M 

m 

3 

g 
a 


a 
m 


c 
8U;0 


13,. 

!13I.. 

i.3'. 

'13|., 

I3L. 

18.. I 

113. .■ 

i     I     i 
;13'.. 

13,-1 

I 

131.. I 


o  / 


13; 


I 


13 
!13 
13 
13 
13 
13 
13 


I     I 


isj. 

131 


13 


I     I 


I 


13 
13 
13 
13 
13 
13 
13 
13 
13 
13 


el 

N 


ill  ^ 


Ird«.  FMt. 


F$eL 


•  I 


9.2a 


9.5( 


a 


,).. 


8 

II 


d 

o 

9 
J 

1 


9 


REPORT   OF   THE   CHIEF   OF   ORDNANCE.  519 

Book,  N.  J.,  from  October  15,  1884,  to  September  15,  1885— <::on tin aed. 


Speeiftl  remarkB  about  each  Are,  such  aa  effect  on  pieoe,  aound  of  prqjectile  in  flight,  scattering  of 

fragments,  &c. 


Ftred  into  aand  batt.    De  Bange  gaa-oheck  covered  with  linen  daok.    Cloaed  and  opened  eaall/.    Ka 
escape  of  gas. 


Fired  into  sand  butt.    De  Bange  gas-oheck  ooyered  wiUi  linen  daok.    Total  Ume  firing  lot  sf  M, 
mlnntee.    Closed  and  opened  easuy.    No  escape  of  gas. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Record  of  firing  with  3,2-inch  hreech-loading  rifle  {steel)  tU  SaiKdf 


V.  H.— Birometer, 
30.080;  thermoni- 
eter.  40.7;  humid- ^ 
itj,  n. 


S     Time. 


J 

a 

0 


I    1884. 
4401  Nov.  20 


Powder. 


Projectile. 


Wgtj 


Kind. 


o  d 

04  O 


Kind. 


450 
451 


Not.  20 
Nov.  20 


452  Not.  20 


453  Nov.  20 


P.  H.— Bftrometer, 
29.682;  thermom- 
eter, 42.8;  humid- 
ity, 50. 


454 
455 
456 


Nov.  20 

} 

I 

Not.  20: 
Not.  26! 


457  Not.  26 

i  i 


458  Not.  26 


P.  M.— Barometer, 
30.315;  thermom- 
eter, 56.3;  humid- 
ity, 86.* 


459 
460 


s 

a 

o 

-a 


^     < 

S 

P 

00 

§ 


Not.  26, 
Deo.  30L.X 


8 


8 


iWgt 


OP 


3   8' 
8   8 

I 
I 

38  I 

I 

3   8, 

I 
I 

3   8 

3!  8 

I 
I 

3   8! 


I  3.  8' 

I 


9 

O 


•o 

s 

d 

o 


S 
« 

•3 

o 

CO 
CO 

.a 


el 

n 
g 

► 

a 

•a 


3  ^8' 


3   8 


I 


o 

0 

a 

S 

. 

a 

9 

Q 

00 


I    461  Dec.  30L.X. 


I 
3  8 

3 


a 

9 

a 

•c 

9 
Qt 
M 

« 

•O 

a 
c2 


I 

J 

.a 

o 

n 


I     I 


13,-. 

•1 

|l3.. 
I 
13.. 

i 

t 
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13.. 

I 

13!  . 

! 

!13.. 


I      I 


13-. 


13 


)     I 


'     I 


I  1,13 
13 


a 
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•  9 
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13 
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I 


o    / 


H 

E 
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Da*. 


2  351 


Is 

9  0 


8 


Ftet.  Feet 


9.33 


6.75  1 


885 


6.25 


\> 


2  80 


2  80| 


6.25 


6.50 


25, 200 1. 511 12. 00' 


0       80, 600 1, 626.18. 50  . 


1 
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3 

m 

9 

a 


a 


8 


I 


0 

o 
.a 

a 

1 


o 
So 

«*" 

.a 

r 

i 

i 

a 

£ 


0 

O 


a 


& 


U3 


a 

s 


^  €S  ^ 


y 


REPORT   OP   THE   CHIEF   OF   ORDNANCE. 
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Hooky  K.  J.,  from  October  15,  1884,  to  September  15,  lliB5— Continned. 


Bpeoial  remftrks  about  eaob  fire,  sueh  aa  effect  on  piece,  sound  of  projectile  in  flight,  ■CAtterinf^  of 

fragments,  Sec. 


Fired  into  sand  batt    De  Bsoko  icaa-cheok  covered  with  linen  duck.    Total  time  firing  lot  of  SO,  5§ 
mlnntea.    CToaed  and  opened  easily.    No  escape  of  gas. 


Onn  washed  out,  examined^  and  star-gauged. 

'Burst  on  striking  sand  near  target. 


« 


a 


is 


Burst  on  striking  sand  t4>  left  of  target. 


Shells  ilre'd  in  rounds  456, 457, 458,  and  I 
450  contained  a  bursting  charge  of  6  I 
ounces  mui«ket- powder.  The  weight  <( 
ot  bursting-charge  and  fuse  included 
in  weight  giren  to  shell. 


Burst  on  striking  sand. 


Burst  on  striking  sand. 


Fired  into  sand  butt.    De  Bange  gas-check  covered  with  linen  duck.    Closed  and  opened  easily.    Ne 
eacape  of  gas.    Oun  mountea  on  siege-carriage. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Retford  of  firing  with  3.2-iitoA  breech-loading  rifle  (steel)  at  Sandy 


1               1                           ' 
Powder.      ! 

Prqjectile. 

• 

1 

~  f 

St 

1 

•0 

9 

1 

1  £                                iWgt 

Wgt 

►  g       1 

_  1 

Is 

n 

«3 
1    - 

a 

Time.  ' 

1 

!.     1 

;         1 

Kind.       .1  ., 

* '  • 

0     fl> 

Pu  0 

Kind. 

1 
1 
1 

a 

0  fl 
^^ 

• 

1 

i 

0     / 

el 

g« 

9  0 

1^ 

"^a 

U 

1 

1 

• 

K 
Feet, 

1 
1 

1884.   i 

Lbt.   FeeL 

1  462.Dec  SOILY.  1 

of 

',3   * 

fl 

13.. 

0 

29,4501,551 

12.00 

) 

t 

1 

g 

I 

1 

1 

1 

1 

1 

1 

i 

i 

1 

1 

1 
.          1 

, 

^Q 

1 

1 

1                      1 

t 

^ 

1 

1 

1 

I 

1                      ' 

1 

g 

I 
1 

.0 

0 
•0 
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t 

1 
1 

< 

1 

1 

1 

•  * 

\ 

1 

1 

>          1 
1 

•              1 

►«  • 

1     1 

0 

A 

1 

1 

§ 

1 

fc 

1 
1 

1 

S 

1 
1 

a 

S 

1 

1 
1 

1 

0 
t 

a 

pv4 

i 

1 

;        '        1 

1 

8 

P.  M.— Barometer, 

1 

1               1 

• 

• 

• 

I 
i 

'     1 

1 

£ 

80.815;  thermom- 
eter, 58.8;  taamidi 

1 

g 

£ 

1 

> 

ltj.it. 

403 

r 

Deo.  80L.Y, 

s 

3 

8 

1 

13 

1 

■> 

33,40Ol,615;i2.00 

464 

Dec  S0;L.X 

• 

3   8 

1 

13 

1 

..      0 

31, 300  1, 617 IL  00 

'          1 

9 

1 
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1 
1 

•s 

(               r 

1 

1 

g 

1 
1 

3 

1 

K 

2 

1 
1 

s 

1 

8 

1                               \ 

1                               1 

1 

1 

a 

1 

f 

^ 

465:Deo.  30 

L.X 

1 

8 

8 

1. 

13 

..[    0 

1 

29,500 

1.616 

U.50 

1 

! 

i 

1 

1 

1 

C 

s 

1 

1 
1 
1 

1 

1 

1 

r4 

1 

.0 

1 

1 

j 

.§. 

1 

i 
1 

1 

466 

Deo.  80 

L.X 

§ 

3   8| 

1     1 

:2 

13 

■•1 » 

32,100 

1,627 

12.00 

J            J 

1  467 
468 

Dec  81 
Dec  81 

L,X 
L.X 

• 

3<  8. 

i 
*? 

13 
13 

•  • 

0 
0 

33,  lOol  1,631 
20,500;i.617 

8.00 
&00 

A.  H.— Barometer, 

1 

• 

1 

10  • 

i 

80.043;  tbermom- 

469  Dec  81  L.X 

ao 

8   8 

13 

m  m 

0 

81.200 

1,621 

7.50 

S6 

eter,54.i;  bamid-< 

mm 

^  *-p     f 

Hy.  03. 

470 

Dec  81 

L.X 

3  8 

1 

1 

13..;  0 

1    1 

81,400 

1,631 

8.00 

r. 

471 
472 

Dec  81 
Dec  31 

L.X 
L.X 

a 
P 

!  3   8. 

'    !    ' 

3   8> 

1^ 

13..  j    0 

13  ..I    0 

1 

31, 450.1. 637|  8.00 

30, 6OO!  1,627  7.60 

1          1 

8a2 

*               .                             1 

1 

1 
1 

'  a 

1 

'                                            1 

j        i 

1 

'^2  1 
©  0 

1 

1 

1 

51 

1 

8^1 

1 

!                    .     .     1 

fl  0 

1 

!    1885. 
473  Jan.     8 

0  -§  ( 

3,  8 

1         1 

1 

13 

28,350 

-! 

1,583;  7.00 

1  •«£     ) 

I 

1 

k.  ^  ^sj  ^^ 

'     1     1 

1 

1 

«     a 

Vte       ^^                 T>                                       A. 

474  Jan.     8 

1  3  8, 

1     1 

M 
0/ 

13 

1 

m  m 

-» 

■  »*W**|b»»*« 

si- 

p.  M. — Barometer, 

30.006;  thermom- 
eter, 42;  humid- 

475'jan.    8 

1 

,'«i 

1 
2 

CO 

13 

m   m     *"^"^B 

.     1 

..-  m, 

ity,  8d. 

476 
477 

Jan.     8 
Jan.     8 

'*'  ©  g 

is   8 
3   8 

13..— 4 
13. -4 

. 

ill 

• 

••-•"* 

1 

BEPOBT   OF   THE   CHIEF   OF   ORDNANCE.  523 

Booh,  N.  J.y  from  Ootober  15,  1884,  to  September  15, 1885--Continaed. 


Special  remarks  about  each  flre,  saob  as  effeot  on  piece,  eouDd  of  projeetile  in  flis^ht,  eoatteriac  •£ 

fVagnenU,  Ae. 


Fired  into  eand  bnU.    I>e  Bange  gaa>oheok  ooTered  witb  linen  duck.    Cloaed  and  opened  eaefly.    If  e 
eaeape  ef  gaa.    Gon  monnted  on  siege-carriage. 


Trail  broke. 

Oan  monnted  on  iron  carriage. 


Fix«d  into  sand  butt.    I>e  Bange  gas-obeck  covered  with  linen  dock.    Closed  and  opened  eaailjf.    Ke 
escape  of  gas. 


Fired  into  sand  butt.    De  Bange  gaa-oheck  covered  with  asbestos  cloth.   Closed  snd  opened  easil|r. 
Ke  es  cape  of  gas. 


EEPOET  OF  THE  CHIEF  OF  OEDNANCE. 

Btoord  of  firing  nfitk  3.2-iiwt  brteek-loadbig  r^  (»teet)  oi 


^.  I 


M.OMi  Uwnnam- 
eter,  42;   hamid. 


A.lI.-Buome 
2>.T8S;  theno 


iKJm. 


ii 


We.         I  feU  '"a 


£frt.  JWl.nd. 


^11 


III 


Hsl 


D  W.SOOI.iTSIO.OO 

'     D  3D,  SZS  1.^02  10.00 

j  0  2s,8oa'i.si8:io.w 

0  28,4II«l,»It'lD.0U 

0  :8,ooai.us'ii>.o» 

:  I 

0  28,  MM  1,  M«  10.  M 


BEPORT  OF  THE  CHIEF  OF  ORDNANCE. 
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II<H>k,  N.  J.,  from  Ootoher  15,  1884,  to  Septomher  15,  1885— Coutinued. 


Special  remarks  abont  eaoh  fire,  eaoh  m  efli»ot  on  piece,  sound  of  projectile  in  flight,  scatterlnf  of 

figments,  &c. 


I 


li 

^ 

e 

t 

II 


Right  1>r»ke  broke ;  repaired. 


> 


i 
J 


1 

1 

1 
1 

Fdi. 

Fordt. 

Steel  carriage  proTioosly  used  and  recently  repaired  at  Waterrliet 

"3 


IS 

d 


Hook  of  left-hand  brake  broken  ofT. 

Left  brake  (belonging  to  old  carriage)  Jomped  off. 


,  Hook  of  right-hand  brake  broken  off. 
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REPORT  OF  THE  CHI£F  OF  ORDNANCE, 


Record  of  firing  with  3.2-inpfc  breech-loading  rifle  {efeelf  at  Sandff 


Powder. 


Projectile. 


A.  H.— Barometer, 
30.093;  thermom- 
eter, 20.0;  bamid- 
ity.  65. 


P.  M.— Barometer, 
20.074;  thermom-^ 
•ter,  25;   humid- 
ity, 66. 


B 

0 


507 
508 
500 
510 
511 
512 
513 
514 
515 
516 
517 
518 
510 
520 
521 
522 
523 
524 
525! 


Time. 


Kind. 


1885. 
Mar.  18 

Mar.  18 

Mar.  18 

Mar.  18 

Mar.  18i 

Mar.  18 

Mar.  18 

Mar.  18 

Mar.  18 

Mar.  18 

Mar.  18 

Mar.  18 

Mar.  18; 

Mar.  18' 

Mar.  18; 

I 

Mar.  18 
Mar.  18| 
Mar.  18; 
Mar.  I8i 


A.  M.— Barometer, 
30.726;  thermom* . 
eter,  26;   humid- 
ity, 78. 


5l26Mar.  18 
I 

527  Mar.  10 

528  Mar.  10 

520  Mar.  10 
I 

530  Mar.  10 
I  I 

531  Mar.  10 

532  Mar.  10 

533  Mar.  10 


I 


584  Mar.  10 

535  Mar.  10 

536  Mar.  10 
I 

537  Mar.  10, 

538  Mar.  10 


539 
540 
541 
542 


Mar.  10 

I 

Mar.  10 
Mar.  10 
Mar.  10 


a 

d 

•a 

I 


eg 

a 

« 


< 
« 
^ 


0 
P 


Wgt 


fl'u 

0,fl 


31  8 
3  8 
3   8 


3 


8 


Kind. 


3,  8i 

3!  J 


8| 
8 

8 

sl 

8! 


3i  8 

I 

8  8 
3*8 
3  8 
3  8 
8  8 
3  8 
3'  8 


8! 
8! 


8 


3'  8 

31  8t 

I 
I 

3'  8 

I     ' 

3;  8; 
8 
8 
8' 


3,  8 

3  8 

3  8 

8  8 

3  8 
3 
3 


9 


s 

I 

CO 


« 
c 


i 

a 
« 

« 

a 

J3 


s^ 


Wgt 


(I4 


10     Ji 
.0     M 


r  i8j. 

i 

13|. 

i 

13!- 

)3 
13 
13 


13 

18 

IS 

13. 

13'. 

13' 

{13!. 

H 

13j. 

isj. 

13!. 

I 
13 

13 

13 


!13!. 

ii3. 
i3J: 

13' 
13 
13 
13 
13 
13 
13 
13! 
13 
13 
13 
18 


2 
2 
2 
2 
2 
2 
2 
2 
2 


6 
6 
6 
6 
6 
6 
G 
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6 
6 
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8 
8 
8 
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8 


»-ii 

S.C 

• 

1 

§^ 

tl 

go 

^ 

M 

&s 

i » ' 
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fi  0 

►  a 

l| 

i| 
Is 
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o 
o 

& 


0.00 

0.00 

,10.00 


10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

12.00 

0.00 

0.50 

0.50 

0.50 

0.50 

0.50 

0.00 

0.50 


&50 
8.50 
8.50 
8.50 
,.j8.50 
>  8.50 

I 

.  8.50 

1 
1 

i  &50 
8.50 
a50 
8.00 
&25 
&0U 
8.00 
8.00 
8.00 
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I 

I? 
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I 

S 
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0 

s 

J 
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e 
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M 

a 
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BEPOBT   OF   THE   CHIEF   OF   QilDNANCE. 
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Book,  y,  J,,  from  Chtober^  15,  1884,  to  S^Umher  15, 1H85— Con  tinned. 

!      I'  ■  ' 


61 


6 
H 

8§ea, 


i 


a 

o 

Q 


SpeoiAl  remarkB  »bout  eaoh  Are,  snob  fts  effeot  on  pU)co.  aotiiid  of  prqJootUe  in 

flight,  scattering  of  f ragmen  U),  &c. 


H 
S| 
«i 
«l 
«l 
«* 

«4 

6* 

6i 
0 
9 
0 

H 
9 

»t 
9 

H 

9 

H 
"i 
11* 
11* 
Hi 

iH 
HI 


Fd.. 
1, 578' 

1.596 

! 

1,589 

i.see' 

1. 584| 
1.600i 

1, 671' 

I 

1, 578! 

1,580 

I 

i.eo8 

2,870j 
2.3631 
2,361 
2,366 
2,359 

I 

2,359 

2,376 

2,370 

2,871 

2,348 

3,087 

8.038 

3,030 

3,045 

3,054 

3,043 

3,042 

3,028 

3,022 

3,024 

8,6331 

8^633 

3,634 

3,632 

3.643 

3,621 


Ya/rda.  « 

i  right! 
k  right 
l^left 
21  left 
4  right 
}  right 
i  right 
0 

Uleft 
0 
0 

2\  right 
0 

2i  right 
2}  right 
2i  right 
2i  right 
24  right 
ileft 
1ft  left 
Uleft 
0 

\l  left 
Uleft 
0 
0 
0 
0 

Uleft 
7    right 
7    right 
7    right 

7  right 
6    right 

8  right 


1 

I 
§ 

I 

tc 
n 

X 

u 

t 

o 
o 

a 

e 

« 


Axis  of  gan  14.3  feet  above  sea-level. 


•^  Bight  band  brake  broken  off  at  shank. 
•S  Kew  brakes  put  on. 


i 

> 
a 

I 


i 


L" 

OS 


*  «  el 


Left  band  brake  broke. 

Right  hand  brake  broke  at  hook. 


a 


M 


te 
I 

5 


s 

s 


^Repaired  brakes  pot  on. 
.a  Right  hand  brake  broke. 
^  No  brakes  on  carriage. 


*  Axis  of  gnn  12  feet  above  sea- level 


%  . 

'"'  aB  Rivet  of  transom  of  trail-chest  broke. 
M  »  Hinge  for  trail-chest  broke. 

-I 
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Hecord  of  firing  with  'i,2'inch  hreech-loading  rifls  (tfeel)  «l  Sandf 


Jl.  M.— Barometer, 
29.720:  tbermom- J 
eter,  20;  humid- 
ity, 78. 


B 


Time. 


Powder. 


Projectile. 


Wgt 


Kind. 


1885. 
543  Mar.  19,1 


544 


Mar.  19 


P.  M.— Barometer, 
30.242;  thermom-^ 
eter,37.7;bamid  ^ 
i*y.44. 


545  Mar.  19 
540  Mar.  19 

547  Mar.  19 

548  Mar.  19 

549  Mar.  19 

550  Mar.  19 

551  Mar.  19 
552Mar.  19 
553  Mar.  19 
554|Mar.  19 
555  Mar.  19 
550,Mar.  19 

'  557|Mar.  19 
558  Mar.  24 


550 


500  Mar.  24 


501 
502 


Mar.  24 


Mar.  24 
Mar.  24 


503  Mar.  24 

504  Mar.  24 

505  Mar.  24 

I 
500  Mar.  24 

507Maxf  24 

508  Mar.  24 

I 

509  Mar.  24 

570  Mar.  24, 

571  Mar.  24 

572  Mar.  24 

573  Mar.  24 

574'Mar.  24 

575  Mar.  24 

570  Mar.  24 

I 
577  Mar.  24  j 


Si 

P 
a 

i 


C3 

e 
Q 


*  m 


■9 

O 


3i  8 
3;  8 
8!  8 


Kind. 


3  8* 

I 

3{  8 

3j  8 
.1 


8 
8 


3  8 
3   8 


3   8 


8 
8 


3  8 
8 


3:  81 

3  8 

I     I 
3   8  1 

8 

1 

3   8 

I 
3   8 


I 

rs 

i 

I 


to 


I 

§ 

•o 

^» 
<^ 

CO 


Wgt 


I 

I 


3  8 
3  8 
3  8 

3;  8 

I 

3   6) 


■a 

3 

g 

I 
S. 

M 

C 

I 

2 


S"  9 
•^coC 


r  13 

13 
13 
13 
13 
18 
13 
13 
13 
13 
13 
13 

13 
13 
18 
13 
13 
13 
13 
13 
13 

13 

I 

|l3 

r 

r  13 

13 


a 
o 

el 


I 


I 


18 
13 
13 
13 

"I 

13 
13 
13 


o    / 
8 

8 

8 

8 
10 
10 
10 
10 
10 
10 
10 

■r 

10 
10 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

14 

14 
14 
14 
14 
14 
14 
14 
14 
14 


2^ 


§1 


Is 

>B 

lid 

( 


Lbe. 

FmL 

r«  •  • . 

*•••»■ 

1 
t 

•••••• 

&00 

8.00 

a  25 

I 

8.25 

.     I 
7.75 

I 

aoo 

I 
7.75 

&25 

aoo 
aoo 
a25 
a25 
a5o 
aso 
a5o 
aoo 

7.50 

aoo 
aoo 
aoo 
aoo 
aoo 
aoo 
a25 
aso 
a25 
aoo 
aoo 
a25 
aoo 
7.75 
7.75 
aoo 
aoo 
a  001 


I 


•e 

s 

MO 


^ 


u 

o 

e 


s 

g 

a 
« 

a 
I 

a 


u 

ta 
o 
.a 


s 
a 

CO 

.ca 

M 

S 

i 
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flwfc,  N,  J,,  from  October  15, 1^84,  to  September  15,  1885— Continued. 
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9 

s 


Sect. 
ill 

H 

li 

l| 

81 

.4  ' 

131 

I8i 

131 

13| 

I3| 

I3| 

L3i 

L4  I 

Lost 

H 

H 

H 

H 

*i 


• 

a 

e 

3 
S 

A. 

Tds. 

Tarda. 

Special  roraarks  aboat  each  Afa.  nnch  as  »ff«»ot  on  pieoe,  aonnd  of  pn^ectlle  in 

flight,  scattering  of  fragments,  Stc. 


,1 


71 

8 
8 

n 
n 


3,053     «    right 

3,642,    6|  right 

f  643     6i  right 

8.622     8    right 

I  I 

4, 166  124  ri;:ht 

4, 166.  12i  right 

4,166  18    right 

4,128  18    right 

4,  X49   17i  right 

4.165  18    right 

I 

4  156  124  right 
4, 155  174  right 


9 

2  .  y  Axis  of  gun  12.9  feet  aboTe  sea^leTsL 

o  s  J 


4,138 
4,144 


4,789 
4,813 
4,853 
4,839 
4.838 
4,832 
4,847 
4,790 
4.801 


18    right 
174  right 


48|left 
494  left 
45}  left 
454  left 
454  left 
454  left 
45  left 
44  left 
494  left 


t 
& 

u 

a 


v 
Q 


a 


X 

If 

► 

s 


I" 

s » 

b  o 

c 

SB     . 


•7  g  V  Axis  of  gnn  12.7  feet  above  sea-lerel. 


'I 

S  at 

a  a 

9 


B  I 


4,838  45|left 
5.268  374  left 

5,814  294  left 

I 

5,248  29  left 

I 

5,285|  2941«ft 

5.285 

5,284 

5,218 

5.224 

5,298 


294  left 
294  left 
29  left 
28  left 
374  left 
5, 2.'>l<  374  left 

4G25  OKD- 


>  Axis  of  gun  13.2  feet  above  sea-level. 


) 


>  Axis  of  guu  13.7  feet  abore  sea^level. 
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EEPOET  OF  THE  CHIEF  OF  OEDNANCE. 

Beoord  of  firing  teid  3,3-inei  breedt-loo'ting  riJU  (< 


1 

Time. 

Powd 

Wgt 

PruJwUlfc 

&     31 

i 

II 
j 

1 

KiDd. 

i 

! 

i 

i 

Kind. 

4  i 

II 

1 

1 

is 

1 

I    t^.\ 

L6.. 

/■«(. 

nrt. 

■ 

lA 

.J 

iir 

,-■ 

J 

nl 

6*  M      it 

,J 

tITI 

1 

*     < 

M.iJliir.  2t 

^■i: 

I 

i 

3 

M 
IB 

aa.L>4.!:tberiniiin- 

•»""-"■ 

S'b' 

run 

s 

n 

V"n 

1 

it'j  SLir.  M 

^ 

I''"! 

1 

IS 

IS 

T.60 

2 
1 

i 

1 

n 

M 

J 

.J 

s 

n 

IS 

, 

^ 

1TI 

t 

J 

„ 

a 

, 

1. 

n 

■Nl 

M 

'!"' 

! 

MOM«r.  m! 
601  U>r.  2s' 

1 

■ 

:! 

i 

" 

20 

7.00 
7.00 

1 

am  Mm.  25 
«a3  Mar.  25 

" 

!• 

] 

s 
J 

1 

11 

13 

10 
20 

T.OO 
0.7S 

i 

'vS»?;r.™Z: 

lly.*fl. 

1 

n 

.„ 

! 

«MU«-.  25 

"! 

1 

!l3 

20 

,.. 

1 

i'  J 

«.M«.  2S 

>'•: 

!■■ 

w 

mu».  2i 

3  e 

la 

ta 

.... 

.-. 

sno 

,,' 

• 

Bw'mot.  24 

,. 

,, 

12 
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Hookj  N.  J. y  from  Octohtr  15,  lrt84,  to  Stpiemher  15,  1885 — ContiDued. 


.a 
6C 


o 


22i 

I 
22J 

22 

224 

21| 

22  I 

22i 

21i 

22 

22 

24 

24 

244 

2«4 
244 
LoMt. 
231 
24 
23| 
24 


a 

a 
o 


H 

s 
< 

8eca. 
2U 

1     n 

20 

204 

20 

20 

204 



20 



204 

20 

204 

a 


6.70? 
5,708 
S,e71 
8,008 
5,684 
6.702 


§ 


Special  remarks  abnat  each  flr«.  anch  aa  effect  on  piece,  aonnd  of  pro- 
jectile in  fli;£bt,  acattering  of  fragmenta,  &o. 


Yardu. 
231  left 

234  left 

2.14  left 

234  l«'ft 

38   left 

384  un 


5^  67i;  234  left 


5,710 


384  lea 


6,084  38   If  ft 

5.607  23   left 

6. 160  SI    left 

6. 006  301  Ifft 

6.000  30k  left 

6,038  29    Hfclit 

6. 000  304  rijcbt 
6, 156  58i  right 
6. 145  70]  ri^ht 
6,031  804  right 
6.064  70  right 
6. 108  794  Hght 
6.456  804  tight 
6,472  99}ri|{bt 
6.467  004  right 
6. 606  1014  right 
6,472  09}  right 
6.414  094iiKbt 

6.001  894  right 

6, 664  101|  right 

I 

6.491,  894ti):ht 

6,448  89    right 


*  Azia  of  gon  13.9  feet  aboTe  aea-level. 


JS,   J 

X 

a 


^  ^  Axia  of  gnn  14.2  feet  above  aea4eT«L 


:. 
a 


u 


r 


y  Axia  of  gnn  13.2  feet  above  aea-lerel. 


1 


^  filnrk  At  nek  in  earrier-ring— doe  to  projection  in  rear  o 

g  Si-rew  for  catch. 

bft 

m  During  thia  flrine  nil  thn  nniall  ri^eta  t»r  tranaomn  of  trail- 

H  chttHt  un  left  i»iUe  brolie  off,  aa  well  aa  right  rivet  for  lid. 


I  24  S 

1 
i  17    7 


^  Fired  at  target  SO  feet 
[  f i-niu  tf nil  to  aace riai u 
I      angle  of  Jump. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Record  of  finng  vith  3.2-trK'A  breech-loading  rifle  (afeel)  at  Aandjf 


p.  M. — Barometer. 
30.200 ;  thermom- 
eter.38.1;bamid-^ 
ity.46. 


P.  M— Barometer,  ' 
80.169;  th**rmom- 
eter.  46.8;  humid- ' 
ity.42. 


A.  M.— Barometer. 
29  973;  thermom- . 
eter,  44.5;  humid- ' 
ity,74.«. 


Burometer, 
29.979 ;  ther- 
mometer.^ 
42.2;  humid- 
Sty,  65. 


A.M. 
P.M. 


P.  M— Barometer, 
80.189:  thennom-. 
01*^,57.9;  humid- ** 
ity,  42. 


a 
o 


o    / 
8 

8 

4 

4 
0 
0 

2  20 
2  20 


2  18 
2  20 


2  25 
2  :}0 
2  30 

2  30 


•e 

•  T    r;  a 

££ 

£5 


5«M 


I 


Lbt. 


2  35 

2  33 

I 
2  35 

t 

2  86l  .... 

£  3o  .  •  •  • . 

I 
2  35 


I 


FeeL  Feet 

....  I  8.  UO 


8.00 

« 

8.50 

10.00 

9.75 

9.76 


I 


1,581   9.50 
1,591-  4.67 


£5  Si 


f 


1, 617|  2. 58; 
1, 590  4. 33 


1, 641   3. 67 
1.619  d.3^ 


1.615 


3.25 


1,583  3.00 


1,  61*2 
1.589 


3.50 
8.33 


s      f 


1,586  3.42 
1,596  3.0t; 
1, 587,  3. 50. 
1.609  3.42 


2  35 1,586  8.16 

'ill 
2  35 1,601   3.00 

■        I  I 

2  35 !1,691   3.72  J 


r 


tD 


P 


if 


£  N  t=  9  S 

in 
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Book,  N,  J,,  Jiom  October  15,  1^?84,  to  Septtmher  15,  18Ji«>— Continued. 


^ 
^ 


o 

a 

H 


e 

9 
••^ 

O 

a 


Special  remarks  ftboat  each  Are.  nncb  na  eflWot  on  pico<»,  eoand  of  projectile  In  flight, 

BCiitteiiug  of  fiMgnitrutJ).  4to. 


Sse'dt 


I      u 


K  23  15 


22  15  ^  Fired  at  target  50  feet  froKi  gun  to  ascertain  an^Ie  of  Jump. 


Gun  mounted  on  80-pounder  Parrott  carriage. 


>  Finsd  At  inilo  target.    Sighting  ahotf, 


Fired  at  mile  target.    Sighting  shot. 


Dietauce  fi  om  centor  uf  tar|£ut 
in  feet. 


Vertical. 


UoriEontal. 


Above  I  Bflow.    Kiisht.  I    Loft. 


0.50    I    11.00 

I               I 
5. 00  ,      1  68  i  

Under  target. 


4.34 

5.75 

5.00 

3  00 

1.84 

O.OU 

0.  18 

1.00 

0.32 

..... 

3.00 

;    1.00 

5.17 

1 

0..12       17.86 

1.68 
36  24  + 

,    37.02 

17. 04  •*■  8=2.  13 

8=4  53 

i)Ut«ince  from  center  of  impact 
in  fi-et. 


Verticil. 
Above. 

1.63 

•  •  •  •  •   *  • 


Horizontal. 


0.79 

1.05 

,      2.45 

I      1. 13 

7.95 


Uelow. 

Right. 

Left. 

6.47 

2.87 

6.21 

2.21 

1.22 

2.87 

1.63 

4.47 

•  •  •  •  •  •  • 

3.53 

1.53 

1 

1 

•  • 

O.M 

7. 05       12. 80       12.  KO 


I  1 5.  00 1-  8=1. 99     25.  60  -»-  8=:<.  20 


fc—   9 
£  I  O  • 

"^  Sl  "*  ^ 

a  •-  «  O 

Menn  v*'rtlra1  deviation  ftt)m  cen> 

tor  iif  inipH't.  1.99  fi'««r. 
Mdiin   hor'znntMl  devi.iitnu  from 

rtMit>*r  oCiinpiicr.  H.'iOfeet 
M«'an  di'viHtioti    from    center  of 
imiKM-t,  3.77  feet. 


EEPOHT   OF    THE    CHIEF   OF    OEDNANCE. 

Seaord  o/ firing  wilK  3.^-tncJt  hreeoh-loading  riflt  (i 


1 

1 

NT 

Tim*. 

Apr.    I 

Powd 

r.            PruJBCtllr. 

1 

Lb,. 

u 

n 
1= 

Ftti 

1 

4 

1 

ti 

is 

Kind. 

Wgt 

1       ■    :; 

liil 

3  S 

1" 

l  ' 

B3« 

Apr.     ! 

3  8 

is. 

0 

1.IH. 

1 

S3! 

Apr.     1 

a  e 

ia'. 

0 

....10.1), 

1 

OW 

Apr.     I 

II'    1 

iJ       0 

...  'lOiwi 

(HI 

Ape.     I 

'w..    " 

— .■lo.ou 

U. 

Apr.     a 

..    1 

13..     li 

.-..U.S.'. 

«3 

Apr.     ! 

"    1 

::  i 

u'..     « 

...I..;j 

Ml 

Apr.     2 

13...     0 

"I 

MS 

Apr.     7 
Apr.     a 

«; 

13..'     U 

:::;:j 

1 

Apr.     2 
Apr.     S 
Apr.     ! 
Apr.     ! 
Apr.     1 
Apr.     2 

3    8           .1 

» 

8 

i 
1 

Q 

::  f 

IS.  1   0 

":::p. 

3 
i 

Bii.aBithwmnm., 
6t«,4u.I,LiuiiW-'! 
Itj,  78. 

esi 

■'  1 

"      i 

■J  i ! 

■J'"'      D 
I"' 

11.00 

B 

i 

1 

bm'apf.   : 

DM  Apr.     J 

U7Apr.     : 
SUApr.     ! 

I 

i:^..    0 

10.  m 

11.0) 
O.IS 

1 

1 

gWApr.     2 

■'      t 

IB..      0 

0.00 

em  Apr.     3 
MlApr.    a 

WttJApr.    a 

>  •      ' 

"      1 

'iB           0 

1 
1 

'n       0 

B  S 

13..      0 

AR3 
8.  OK 

:;:: : 

J^,r.    2 

a  1 

13    '   a 

aoo 

Apr     3 

3!  8 

U- 

a 

g.oa 

REPORT, OP  THK  CHIEF  OP  ORDNANCE, 


535 


Hook,  y.  J.,  fi'onk  October  15,  18S4,  to  Septemf»er  15,  1885 — Continaed. 


Special  ivm«rks  about  each  fire,  Buoh  as  effect  on  pie^e,  sound  of  projeotile  In  flight,  soattMring  of 

fruj^nieuts,  dus. 


'  RooDil  ti37.    Gun  inouBted  on  steel  fleld-cariiage. 


B 
Si 

e  > 


Anjrle  iron,  riveted  to  under  side  of  obeelu  of  carriage,  broken  on  both  sidea  and  cheeks  distorted. 
Gun  mounted  on  old  iron  flvld-caniage. 
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REPORT  OF  THE  CHIEF  OF  OHPNANCE. 


Beoord  of  firing  mih  'S.2'inch  breech-loading  rifle  {eteel)  at  Sand^ 


Powder. 

Projectile. 

H  ^i 

• 

;5 

i 

- 

Kt 

H  li 

•9 

iWgt 

W 

s 

4 

Time. 

1 

._ 

^  11 

1^ 

P  *» 

o 

1 

JKlBd.        J 

Kind. 

• 

• 

^  1 

At          ZZ 

P  e 

II 

^ 

a 

0 

1885 

— 

e  «j 

1  o  a 

Preiw 
inch 

1 

.9 

1 

1 

O      1 

Lbs. 

1 

Fe0L\ 

• 

687  Apr. 

3  81 

13 

..     0 

8.75 

f 

668  Apr. 

1 

• 

3  8 

113 

..     0 

9.00 

1 

669  Apr. 

i 

8  8 

13 

..     0 

&50' 

* 

• 

1 

670  Apr. 

3  8 

.13 

..     0 

OiOO 

671  Apr. 

1 

8  8 

13 

..     0 

-    «   •    M    * 

0.25 

1 

Mi 

p 

672  Apr. 

1 

8  8 

i 
.13 

..     0 

0.42 

s 

S3 

a 

673 

Apr. 

3  8 

1 

• 

13 

1 

..     0 

***** 

0.16 

A.  M. — Barometer. 

674 

Apr. 

3  8 

1 

1 
13 

..     0 

0.00 

o 

80. 12:^;  tbermoni<« 

1 

1 

•o 

V       9       It 

eter,  33.4;  humid- 

675 

Apr. 

8 

8 

9 

13 

..     0 

8.75 

ity,  71. 

1 

1 

■*» 

■a 

676  Apr. 

3 

8 

•     § 

13 

..     0 

&25 

•c 

1 

1 

<S3 

•« 

677 

Apr. 

1 

• 

8 

8 

•s 

13 

..     0 

•  •  •  •  • 

&25 

a 

m 

678 

Apr. 

1 

cf 

8 

8 

1 

s 

18 

..      0 

•    •    •   • 

'  8,00 

1 
1 

I 

67» 

Apr. 

1 

1 

3 

8 

13 

..      0 

^  •    •    •    •   •    • 

•  •  «  •  ■ 

8.00 

6 
g 

680 

Apr. 

1 

3 

8 

i 

73 

13 

..     0 



6.50 

1 

f>^ 

681 

Apr. 

1 

3 

8 

• 

13 

..     0 

•  •  •      • 

8.25 

682Apr. 

— 

3 

8 

c 

13 

..     0 

'  a25 

1 
1 

! 

eS 

1 

5 

" 

i                   II 

' 

683 

Apr. 

• 

3 

8 

1 

• 

§ 

13 

..      0 



8.25 

' 

684 

Apr. 

■  t  • 

3 

»>      ^       < 

18 

..     0 

..... 

8.50 

I 

685  Apr. 

1 

8 

8 

1 

1 

s 

• 

CO 

13 

..     0 

..... 

&67 

1 

i 

686;  Apr. 

1 

• 

3   8 

"§ 

18 

..     0 

&S0 

1 

1 

n 

s 

687 

Apr. 

1 

t^ 

3  8 

1     1 

.0 

13 

..     0 

8.75 

i 

688 

Apr. 

t 

1 

• 

3  8; 

1 

'3 

•s 

13 

..     0 

8.75 

J3 

689 

Apr. 

8  8 

1 

3 

13 

0 

..... 

&50 

: 

^4 

600 

Apr. 

CLi 

3   8 

P 

9 

13 

..      0 

10.001 

P.  M.— Barometer. 

601 

Apr. 

<§ 

3   8 

•c 

13 

1 

..     0 

8.67 

30.123:  tht-niioiii. 
eter.  33.4;  humid- ^ 

602 

Apr. 

3 

8 

18 

.     0 

8.67 

i                    1 

ity,  71. 

693 

Apr. 

3   8 

1 

1 

13 

..     0 

r 

8.75: 

1 

s 

6»4^Apr. 

3  b 

1 

13 

..     0 

'  *  *  ■  " 

8.50 

605  Apr. 

1 

3  b 

1 

& 

13 

0 

■  «  •  >  « 

&50 

J 

2! 

696  Apr. 

1 

3  8 

13 

..      0 

8.50 

1 

607  Apr. 

1 

3  8 

1 

13 

..     0 

..... 

&25 

eOd  Apr. 

3   8 

1 

13 

..     0 

*    •    M    •     • 

&50 

■ 

699  Apr. 

1 

1 

3   8 

1 

13 

..     0 

8.67 

700Apr. 

1               1 

1 

3  8 

13 

..     0 

..... 

8.42 

i  701 

Apr. 

1 
1 

3 

8 

13 

..      0 

8.75, 
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Haokf  N.  J.,  from  Oofoher  15,  1884,  io  September  15,  1885 — Continneil. 


Special  reioftrka  about  each  ftre,  sach  as  efTect  on  piece.  Bound  of  prctJectUe  In  flight,  scattering  of 

frajiKmeutii,  &c. 


Oun  star  ganged. 


9 


& 


i 

I 

s 

I 
o 


0 


Elerating  screw  replaced  by  new  one. 


Elevating  screw  bent. 


> 


I 


538         KEPOKT  OP  TUB  CHIEF  OF  OHDKANCE. 

Retard  of  firing  irllh  S.tMncA  hneck-loaMng  rijte  (a/eel)  tu 


A.U.— Bntvmt^si 


kr.41.aibuiDia- 


70!  Apr.  IS 
lOJApr.  IS 
TM  Apr.  IS 
TOSApr.  15 
7«  Apr.  is' 
TOT  Apr,  isj 
TVS  Apr.  IS 
TMApi 


TID  Apr.  IS 

Til  Apr.  IS 

TtSApr.  IS 

TtSApr.  IS 

TI4  Apr.  15 

TIB  Apr.  IS 

TIB  Apr.  IS 

tit' Apr.  IS 

TIS  Apr.  IS 

Tl»  Apr.  IB 
TWApr. 
72 1!  Apr. 

•m  Apr.  IS 
713  Api 

7»  Apr.  19 

72SApr.  IS 

7Ze  Apr.  IS 


7XSApr.  IS 
730  Apr.  IS 
T31  Apr.  IS 


I         I    '■ 
fll..'    OT 


rt 

~s'e 

=4 

11.. 

1= 

°s 

s  » 

-M 

la.. 

■If 

'  £■  S 

'M 

1 

U 

.V 

m 

sr 

s  s 

pi 

'*■■ 

1 

S 

■•:' 

•f 

'a  8 

4 

•' 

^ 

.!.■ 

i 

i-1^ 

i 

" 

^  1 

'■' 

1 

.. 

ti 

J. 

-J 

9 

V 

^ 

'IS 

3   N 
S  8 
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Book,  y,  ♦/.,  from  October  ir>,  1884,  fo  September  15,  \B^ — Continued. 


Didtiuice  fntm  centiT  of  targt-t, 


Vertical. 


HorizoDttil. 


Distance  fram  Cfoterof  lnii»act, 
in  f<-et. 


Above. 


Below.    Right. 


Fite«l  at  target  (120  feet  from  gun. 


0  67 
0.07 
0.17 
0.58 
0.13 
0.10 


Left.     Above. 


0.R3 


3.15 


1 

0.36 

I 

1 

1 

0.36 


a.  15^7=0. 45       2. 6i-»-7=0. 36 


O.4.' 

0.12 

1.33 

0.08 

0.09 

0.84 

*>  M 

r=0.36 

Si;ihtiu^  shot. 
0.22 


Special  remarka  about  eacb  flre» 
HUt'U  aH  ftfrcr  on  |ii*^'e,  auiiml  of 
piojei-lil"  in  flight,  acatteiing  uf 
fi-agiueuts,  &,c. 


0.22 


0.13 


0  98  I 


0.05 


0.24 

0.06 


0.28 

0.97 

*  ■  •  ■ 

0.72 

0.S2 

0.28 

0.35 

0.27 

0.48 

0  05 

1.51 

1.51 

=0.27 

3  02-1- ' 

rr-0.43 

a 
E  « 

I* 


a 

OS 


«  «  ^ 

^  *  a. 
B  £  I 


Mi>an  vertiral  deviatfon  from  cen- 

te*  of  iiiiiia<'t.  0.27  feet. 
Metin  horiBouial  deviation  from 

CfUter  <»f  impart,  0.43  feet. 
Mean  ilevititi«iu   from  center  of 

impact,  0.51  feet. 


I 

9 
& 

3 


o 


i 


•3 

s 
s 


I 
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BriMTd  of  firing  mt\  Z.i-ineh  br«eeh-loaditig  rlfin  (_wleel)  al  Saiutf 


! 

Puvder.       1       PrcttKlU^ 

it  a 

« 



-  '_ — . 

n  ii 

1 

Wgtj 

Wgt 

4  11 

1 

1  xtta. 

KiDd. 

^1^^       KiDd. 

a 

1  1J 

1 

1 

£*». 

«™. 

T3SApr 
T»Apr 

TBJApr 

TE,.  \,r 

„ 

1 

!i 



,. 

IB'.. 



- 

IS 

J.. 

. 

IS 

i 



10.00 

10.  oc 



kj'w!' ' 

7*11  Air 
Til   .\,T 

IS 

i" 

i 

1 

;;; 

10.00 

10  so 

W  .  A  ;,r 

1 

,.' 

10.  u 

7n  ^,r 

;: 

ii 

1 
1 

1 

J..  . 



CM 

,.' 

^ 

T48Apr 

IS 

I 

II 

. 



10.  IS 



TlT'Apr 

IS 

I  8 

13 

0 

lOMi 

74)i'at>t 

1 



3 

•^ 

h 

1 

TlSApr.  H 

75C  Apr-  le 
TH'Apr  ]« 

«!. 

3  8 

? 

" 

1 

S  i 

;S 

J"\  ■  ^ 

^00  lis  It 

Mrr.3S.4;l>lllui<l- 

*!■ 

j:.u^ 



S-7S 

= ' 

,«Ap..« 

i 

3    S 

j„ 

3  35 



a.7s 

1'  = 

7S,A„r.  .. 

i  s 

i 

1= 

:s  . 

1 

n 

rw 

Apr,  IE 

3    B 

1 

I3S 

3.33 

«j 

K 

sti 

^ 

1 

1"  : 

r.H.-B><nni»>r. 

2 

29.l»^:  th-nni>ni- 

1 

( ^i 

Hrr.r.5.4;huuii<|. 

ll)-.«. 

a 

's 

Apr.  If 

3  8 

3,33 

'  I'-s 

1    I^' 

1 

!lsi 
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Hook^  N,  J.,  from  October  15,  1884,  to  September  15,  1885— Cuntiuaecl. 


Special  remarks  about  each  fire,  suoh  as  efftHst  on  piece,  sound  of  projeotile  in  flight,  scattering  of 

fragoienta,  &o. 


d 
.a 

i 

S 

i 

SI 


*  Rounds  710  to  748  were  fired  in  50  minutes,  gun  being  sponged  out  after  each  10  rounds. 


Distance  from  renter  of  target, 
in  ftfct. 


Distance  fh>ra  renter  of  impacts 
in  ft-et. 


Gup  mounted  on  80  pounds 
Parrutt  carriage. 


Vert 

icaL 

HoriEontHL 

Vertical. 

HorixoutMl.     1 

Above. '  Below. 

Ri^bt. 

Left. 

Above.   Below. 

Right.     Left.   | 

3.50 

2.60 

0.81 

2.92    ' 

3.60 

2.50 

0.81 

2.24 

2.00 

0,75 

^  __ 

2.31 

0.49 

6.98 

0.88 

'    •   •  *    .    a  * 

2.67 

0.59 

8.00 

0.16 

8.60 

0.42 

2.00 
Under 

• 

target 

8.00 

2.31 

2.74 

3  50 
5.00 

2.34 

0.81 

2.60 

LOO 

1.82 

0.69 

•  •  •  • 

31.48 

5.40 

7.67 

7.05         7.06 

6.53 

6.63 

34.48-*-8=4.81 

2. 08-1-8=0. 26 

14. 10-1-8=1. 76 

13.06-»-8=1.63 

i 

o 
u 

a 

a 

SB 

a 


a 

Si 


9 
?! 

.A 
« 

61) 


u 

c8 

*^ 

a 

1 


I 


9 


9 


« 
3 


>i 

a 

I 

a 

a 

O 


M 
o 


9 

a 

m 

n 

Q 


Mean  vertical  deviation 
from  renter  of  impact, 
1  76  f.t*t. 

Mfan  lior.zontal  deviation 
from  center  uf  impact, 
1.6:t  fe«*t. 

Meun  ((eviction  from  cen- 
ter of  impact,  2.40  feet. 
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Pu,„.r 

1      PrajHlilA 

iilii 

■= 

Time. 

Kind       . 

1- 

11 

j 
1 

n  ti, 

1 

less. 

.  . 

IM.  FM.  r-t 

Apr.  21 

1 

■  i, 

1 

Ki.IiiBi  tJimi.oni- 
•Irr.TU.IihuiuKl 

T}9 

Apr.  21 

H 
■lliil 

i  1 
j 

II'   j;     7 

1 

TOT 

Apr.  Jl 

Apt.  M 

t 

i 
1 

■  H 

i:<       T 

% 

Apr.  S3 

1 

1     " 

• 

(iss  1 

1 

763 

Apr.  23 

s  ' 

13         > 

T'f^ 

1 

;    1 

ilJjl 

7<U 

TW 
787 

Apr.  14 
Apr.  24 
Apr.  24 
Apr.  30 

I 

:N 

12   -     C 

."! 

;. 

Iti 

iili 

.          .n 

a      < 

J   1 

I'l      1    0 

"" 

J 

i 

2 

TM  Apr.  30 

7Tli'Apr.  30 

TTJ  Apr.  3D 

i; 
IP 

i.  I 

8.M 

IH  H'J»:  (hnniiom  , 

It)',  M. 

„ 

775  Apr,  M 

•'    ll 

J 

1 

7.«7 

■^ 

778  Apr.  JO 
777JApr.  «, 

•j  il 

; 

• 

7.M 

i 

77*  Apr.  » 

•     3- 

,.L  . 

8.M 

i   1 

77» 

,     « 

iJ.. 

. 

7.  IB 
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Book,  N.  J,ffrom  October  15,  1884,  to  ^epientbtr  15,  1885— Con tiuned. 


Speofal  remarks  about  each  fire,  each  as  effect  on  piece,  soand  of  prqjeotile  in  flUhtf  scattering  of 

fraxiuentu,  &c. 


► 

o 

mm 

Si 


Fired  into  sand-batt. 


u 


► 

o 

1 


^    i    "^ 

tfg  • 

e  s  s 
l|3 

-:«  A 

^  f  J 

—    ••    • 

*'-^  H 

^  '  a 

b  -7  9 

^3  *. 

^H 

5  93 

fit 

«•    ^    ^*     ^ 

c  «  2  2 

0-3  a  s 
:sr-  *  s 


Fuse  set  at  5  seconds.    Did  not  explode.    Shell  straok  water  in  10| 
Stfoonds. 


Fuse  set  at  5  seconds.    Broke  np. 


Fase  set  st  5  seconds.    Broke  np. 


j  Fase  set  at  5  seconds.    Fuse  failed  to  act. 


Recovered  In  butl  in  sninll  fragments.     Fuse  not  exploded. 


Fuse  set  at  3  seconds.    Broke  up. 

a 

Fuse  set  at  8  secondM  (wings  of  plunger  cut  off).    Did  not  explode. 
Fuse  set  at  3  s*'04>nds  (wings  of  plunger  cut  off).    Burst  in  2-/«  seconds. 
Fuse  set  at  8  seciinds  ( wingn  of  plunger  cut  off).    Burst  in  }  seconds. 


Fired  into  sand-butt.    De  Bange  gas  check.    Breech-block  worked  admirably. 
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Jit  cord  of  firing  with  3'2'iwih  hretch-loading  rifle  (steel)  at  Sandy 


s 
S 


Time. 


Powdor. 


Kind. 


A.  M. — Bnronieti>r. 
*j9.P*i3:  thcriixiih- f 
eter.47.*i;  humid- ^ 
Ity,  G&  I 


780  Apr.  30  1 
I 

781  Apr.  30 

I  ' 

782  Apr.  30 

I  I 

783  Apr.  30 

784  Apr.  30 
7fr>  Apr.  80 

786  Apr.  30 

787  Apr.  30 

788  Apr.  30 
780|Apr.  30 


790 
791 
79. 
793 
704 


Apr.  30 
Apr.  30 
Apr.  80 
Apr.  30 
Apr.  3u 


S 

CO 

§ 
t 

P 

s 


9* 


p.  M.— Barometer, 
30. 157 ;  tlii*rmom-  . 
et4ir,54.1;  humid- ^ 
ity,  81. 


795  Apr.  30 
I 

796  Apr.  30 

707  Apr.  30 

798  Apr.  30 

799  Apr.  30 
*800  Apr.  30 


801 


Hay  13 


a 
Q 


a 
o 

a 
Q 


P.  M, — Bnroineter, ' 
29.90((;  thoi-moin- 
et«r,79.8;  humid- 
it3',42. 


s 
'<S 

s 


Wgt 


r  3 

3 
3 
3 
3 
3 
3 
3 
3 


>     ^     < 


Projectile. 


3 
3 
3 
3 
3 
3 
3 
3 
3 


I    3 


802  May  13  } 


803  May  13 


804  May  26 


IS 


a 
o 

a 
P 


3 


a 
a 

O 


8 
8 

I 

8 
8 
8 
8< 
8 
8 
8 
8 
8 
8 
8 
>< 
8 
8 
8 
8 
8 
8 
8  J 


KiDd. 


S 


a 
P 


T3 


S 


?2 


CO 

I 


.a 


.3 

a 

I 

M 


a 

.a 
rs 

"o 
'/I 

a,?  a 
.a     > 


8<S      _ 


Wgt 


o  a' 
au  o 


13.. 

13.. 

I 
13,.. 

.s'.. 

13  .. 

13.. 
13'.. 
13J. 
13.. 

13.. 

I     ' 
13.. 

W.. 

13.. 

13.. 

'     I 
13  .. 

I 
13 

13!.. 

1.3'.. 


o 


13 


3 


3 


8  1 

1 


8 


8 


2  2^= 

CL  •"  a 

a  2  a' 
g  '  s> 

•  s'  •-  . 

■^  .-«  c'   b 


f." 


o    t 
0 

0 

0 

0' 

0 

« 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


8 


r  13 


38 


< 


13...    88 


)^ 


13 


I 


30 


9 
s  5 


/.b«. 


.?6 

Is 

&  9 


II 


FmC 


o 


Fart, 

&U0 

7.33! 

7.60 
7.83 
7.50 
7.50 
7.50I 
8.00. 
8.00| 
&25| 
8.83 
&83 
8.50 
8.67 
&25 
&33 
7.75 
9  16 

a  33' 

7.83, 
8.83' 


> 


■o 

s 

til 


9 

O 

.a 
a 


ii 


i"  Ji 


.a 

t: 

•c 
a 

m 

I 

B 

o 


1 


M 


! 


s 
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Hook,  N.  J. f  from  October  15,  18S4,  /o  Septenibfr  15,  1885— Cod tiaued. 


Special  remarks  about  each  fire,  each  aa  oflfort  on  piece,  toaod  of  projectile  In  fllglit,  scattering  of 

tinj^iaciiu,  4to. 


After  round  786  the  gun  waa  iponged  ont,  and  bent  elevating  screws  replaced  by  new  oneSi 


Fire<1  into  rand  bntt    De  Bonpe  fnn-cbcck.    Br(ech>block  worked  admirably.    Time  of  firing  nmnda 
7i7-W/0,  including  intervMl,  5U  minuter. 


Waehed  ont,  star-ganged,  and  impressions  taken  of  vent,    liounted  on  80-pounder  Parrott  carriage. 


Fired  over  -vrsfer;  elmck  in  10  seconds,    iletalllo  timc-fuce  received  from  Frankford  Arsenal  April 
2i,  1885 ;  did  nut  explode. 


Fired  over  water  for  range.    Lost. 


Do. 


Do. 


4626  ORD 35 
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Record  of  firing  with  3.2-iiieh  brtech-loading  rifle  (i 


P.  H,— BuroiiiPtrr, 


SUlJuDii    2 
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Hook,  N.  J.ffrom  Oeioher  15,  1884,  to  September  15,  1885~Coiitiiiaed. 


Bp«oial  remarks  about  eaoh  fire,  tiich  a«  efTect  on  pl<'ce,  soand  of  pToJectQo  in  flight,  icatterlng  of 

fi-agmantii,  Ac. 


Gun  Konnted  on  old  field  ounrlnpe. 

' Atttr  thin  ronnd  there  was  qoite  a  large  ftngment  of  nneonaamed 

bng  in  chain  bor. 
Vent  wna  not  pricked  and  cartridge  £iilcd  to  ignite.    Bag  onoon- 
•uiui'd. 


■s 


P 


p 

s 

c 
•o 


RaiT'iilk  oartridge-hag.  < 


The  mnnhrooin  hend  waa  coated  irith  remnants  of  hag  nixed  with 
u»aal  powder  residae. 


0 

.9 

a 

a 

1 


Gun  cleaned  oni. 


> 


Si 

B 

a 
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Record  of  firing  with  3.2>lfMA  brnek-loadUg  rifle  (steel)  at  Sandu 


Number  of  fire. 

Time. 

Powder. 

Projectile. 

Elevation. 

is 

• 

S3 

o 
Fee/. 

0 

a 

■g 

Kind. 

Wgt 

A<  O 

1 

Kind. 

1 

W 

1 

,•0 

1 

• 

a 

0 

?3 

U 

SB 

2 

3.   - 
>   S 

Feet. 

* 

1885. 

p                       f 

O       1 

Ir&e. 

f 

838 
839 

.Tune   2 
Juno    2 

3   8 

1     1 

3  8 

1 

13 
13 

0 
0 

• 

1 

840 
841 
842 
843 

June    2 
Jane   2 
Juno   2 
•Joine   2 

! 

8  8 

Y 

3  8 

3  8 

I 

u 

t 

•0 

13 
13 
13 
13 

0 
0 
0 
0 

• 

0 
O 
.0 

3 

• 
53 

1 
..... 1 

t 

•  •  •  •     \ 

• 

814 
845 
846 
847 
848 
849 
850 

JaD<«   2 
Jane   2 
June    2 
June    2 
June    2 
Jane    2 
June    2 

i 

.3 

0 

1 

3   6 

9 
1 

1 

• 

13 
13 
13 
18 
13 
13 
13 

0 
0 
0 
0 
0 
0 
0 

......)-     -  - 

a 

•A 
o 

.0 

•0 
0 

i 

p.  M.— Barometer, 
29.890:  themiom- 
eter,70.8;bamid- 
i6y.46. 

3 
3 
3 
3 
3 
3 

8 

! 

8 
8 
8 
8 

8 

•  «  •  • 

....  , 

i 

•  •  •  • 



851 

Juno    2 

• 
-8 

3 

8 

1 
■  1  . 

CO 

!l3 

0 

...     • 

1 

1 
1 

\ 

852 
853 
854 

June    2 
Jane   2 
Jane   2 

3 
3 
3 

8 
8 
8 

! 

13 
13 
13 

0 
0 
0 

1 

k 

•    M    •    • 

1 

855 
856 

June    9 
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REPORT   OF   THE   CHIEF   OF   ORDNANCE.  649 

Hook,  X.  J,f  from  October  15,  1884,  to  Septemher  15,  1885— Continued. 


Bpecial  remarks  aboat  each  fire,  aacta  as  effect  on  piere,  aoiuid  ot  proJcotQe  lo  flight,  acattertng  of 

Iragmeuta,  Ac, 
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BEPOET  OF  THE  CHIEP  OF  OEDKAKCE. 

Eteord  of  firing  with  3.2-ineh  brfckloadiwg  li/le  ( 


P.  M.— Baromtttr, 
It;,  «a. 
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REPORT   OF   THE   CHIEF   OF   ORDNANCE.  551 

Hook,  N.  J.,  from  Oetobor  15, 1^)84,  to  September  15, 1885— Cod  tinned. 


SpociAl  rexDArki  about  each  fire,  anob  as  effect  od  pleoe,  aonnd  of  projectile  in  fligbt)  Mattering  of 

fragmunta,  &o. 
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Roands  8S0>  004  flrod  in  23  minotca. 
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BEPOET  OF  THE   CHIEF  OF  OEDNANCE. 

« 

Beoorfi  of  firing  with  3.2- inch  hreech-loading  rifle  {steel)  at  Sandg 
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REPOKT  OP  THE   CHIEF   OP   ORDNANCE.  553 

Hooht  X.  J.|  from  October  15|  18b4,  to  Sepleniber  15, 1885— Continned. 


Special  lemarka  about  each  flro,  aaob  aa  efToct  on  piece,  aoond  of  projectila  In  flight,  acattorinff  of 

frujiUicnU,  &o. 


M 


'  Roanda  880-004  flrod  in  23  mioatea. 


Gun  washed  out 


• 


> 

c: 


C 
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Trail  handspike  broke. 


SEPOET  OP  THE   CHIEF  OF   OEDNASCB. 

Record  of  firing  aiOi  S.S-fnoi  hrttdh-Uading  rifi*  {»t*el)  al 


P.  M—Brn 
311.001 :  tl 

tty,41. 


A.  M.— Tl«toniel»r, 
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REPORT   OF   THE   CHIEF   OF  ORDNANCE.  555 

Bookf  y,  J,,  from  Oetoben  15,  1B8I,  to  Sopttmher  15, 1685--Oou tinned. 


BpedAl  remftrks  about  Mch  fire,  raoh  m  clfect  on  piAco,  flonnd  of  projectile  in  fliffht^  loatterliiff  of 

fragmenU,  iLC 
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Gtm  ttar  gaagcd  and  imprcsaiona  taken  of  vent.    Kow  copper  rent  buahiDg  pat  in. 


556 


REPORT   OP   THE   CHIEF   OF   ORDNANCE. 


Beoord  of  firing  with  3.2-ineA  hreeoh-loading  rifle  {sfeel)  at  Sandf 
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REPORT   OP   THE   CHIEF   OP   ORDNANCE.  557 

Hookf  2f,  J.,  from  October  15, 1884,  (o  September  15, 1885~ContiDned. 


Special  renurkfl  tboat  each  flrOf  anc&  as  effect  on  piece,  sound  of  projectQe  in  flight,  scattering  of 

frugnieuts,  Slc. 


Ilred  Into  sand  bati.    Do  Baoge  gas^^hook. 


EEPORT   OF    THE    CHIEF    OF   OEDNANCE. 

Beeord  of  firing  with  3.2  incA  brtech-hading  rifie  (Heel)  «t  Sanif 


A.  M.— Bsronieter. 
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REPORT   OP   THE   CHIEF   OP   ORDNANCE.  559 

Sooky  ^.  J.,  from  Ootoher  15,  1881^  to  SepUmher  15, 1885->Continaed. 


Special  remarks  abont  each  fire,  saoh  aa  effWot  on  piece,  aoiind  of  projectile  in  flight,  aoatterlng  of 

fragmenUi,  &o. 
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Rounds  9'iV1054.    After  theee  100  rounds,  temporatare  of  ohaae  near  masale,  374°  Fahrenheit. 
Time  of  filing,  1  hour  and  'M  minuted. 
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BEPOKT    OF    THE    CHIEF    OF    OBDNANCE. 

Eeoord  of  firing  with  S.i-inch  brteck-twid'mg  riJU  {iletl)  al  Satij 
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REPORT   OP  THE   CHIEF   OP   ORDNANCE.  561 

ffooh,  N.  J,,  from  Oetoher  15,  1884,  to  September  15, 1885— Continned. 


Bp«oiAl  remarks  about  each  fire,  aaob  aa  alliMt  on  pieee,  aoimd  of  projectile  In  fligbtt  soatteiing  of 

fh^menta,  fto. 


•g     Bounds  965  to  1,054.    After  tbeae  100  rounds  tempamiim  of  ohase  near  mnsale,  874^  Vabienbelt' 

J  \    Time  of  flilnc.  1  bonr  and  80  mlnates. 
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Rounds  1,055  to  1,100,  InclosiTe,  flred  in  23  minutes. 
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EEPOKT  OP  THE  CHIEF  OF  OEDNANCE. 
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BEPOBT   OF   THE    CHIEF   OF   ORDNANCE.  663 

nook,N.  J, f  from  October  15,  1884,  to  September  15,  1885— Continued. 


Speolal  remarks  about  each  fire,  anch  a*  ^ect  on  place,  sound  of  projectile  in  flighty  scattering  ol 

fragments,  ^ko. 


id  Into  sand  batt.    De  Bang*  fsa-ehaok.    Bonnds  1,065  to  1,100,  SnclnalTe^  flrad  In  28  minutea. 


•64 


BEPORT  OF  THE  CHIEF  OF  OBDKANCE. 
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SEPORT  OF  THE   CHIEF  OF   OBDNAKCE.  565 

Mooh,  K.  J.jfnm  OoUher  15, 1884,  to  September  15,  1885— Continiiea. 


8p«oIfll  ranarks  aboat  eaoh  Are,  soob  as  effect  on  piece,  ioand  of  prqJectUe  In  flight,  MettnliiiC  of 

fragments,  Ac 
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SEPOBT   OF   THE    CHIEF    OF    OBDTfANCE. 
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REPORT  OF  THE   CHIEF   OF   ORDNANCE. 


567 


Hookf  if.  J.ffrom  Ooioher  15.  1884,  to  September  15,  1885— Continued. 


Spedal  nmarks  »boat  each  flre,  laeh  m  effeot  on  piece,  sound  of  projectile  in  flight,  Mattering  of 

ftegmenie,  dco. 
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Fnce  marked  A1.    Falminate  remored.    Ko  bantiog  charge.    Shrapnel  broke  op  in 
bait ;  fuse  recovered  intact. 
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BEPOBT  OF  THE  CHIEF  OF  ORDNANCE. 


Beoord  of  firing  with  3.2-ino&  hreeek-loading  Hfis  {nUtl)  at  Somif 
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REPORT  OP  THE  CHIEP  OP  ORDNANCE. 


569 


Book,  H.  J.,  from  Oetober  15,  li8A,  to  September  15, 1885— CoDtinaed.  ^ 


SpttoUl  ranarks  »bont  each  ilTe»  saoh  m  effect  on  piece,  soand  of  projeotile  in  flight,  eoattering  of 

fh^pnente,  4tQ. 
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Fnze  marked  C2.    Set  at  8  seoonds ;  If  onnoee  mnaket  powder  hnzatliig  charge.    Buret  50 

feet  in  fh>nt  of  gnn. 
Face  marked  Bl.    Set  at  3  aeoonde ;  1|  onncee  mnaket  powder  hnrating  charge.    BnxBt  in 

gan. 
Fase  marked  A2.    No  plnnger  or  hnrating  charge.    Stmck  in  8  aeoonde.    One  fhigment 

etrlking  ahott. 


^Fnse  marked  B8.    No  plnnser  or  hnrating  charge.    Broke  up  in  gnxk.    Fnae  and  hraaa 
head  recoTcred  down  oeacE  intact. 


Fate  marked  C2.    Set  at  8  aeconda ;  8|  onncee  hnrating  charge.    Bnrat  in  8i  seconda. 
Fnae  marked  B2.    Set  at  8  aeconda ;  8^  onncee  hnrating  charge.    Bnrat  in  2  aeconda. 
Faxe  marked  Al.    Set  at  3  aeconda;  8|  onncee  hnrating  charge.    Bnrat  in  S|  aeconda. 


To  try  metallic  time-fazee  re- 1 

SliTAjrif  JuSs.'"' aiS  k"*  «>t  .t  8  .*»nd,.    B«r.t  In  Si  ..^md.. 
oompoaition.)  j 


Fired  into  sand  hntt.    De  Bange  gaa-check. 


Compoaltion  time  taze  set  at  8  aeconda. 
Compoeition  time  fuse  set  at  8  seconds. 
Jt  S    Brass  time  fuze  set  at  8  seconds. 
Brass  time  faze  set  at  8  seconds. 
Composition  time  fuze  set  at  5  seoonds. 
Com^^ition  time  ftize  set  at  6  seconds. 
Brass  time  fuze  set  at  5  seconds. 
Brass  time  fuzo  set  at  5  seconds. 
Composition  time  fnze  set  at  10  seconds. 
Composition  time  faze  set  at  10  seconds. 
Brass  time  faze  set  at  10  seconds. 


I 


I* 


1 


Brsss  time  faze  set  at  10  seconds. 


line  of  iire  conscantly  changed  on  acconnt  of  moving  Teesels. 


Burst  in  2|  seoonds. 

Burst  in  2|  seconds. 

Burst  in  2  seconds. 

Burst  in  1|  seconds. 

Burst  in  4|  seconds  (probahly  alow  in  taking  time). 

Burst  in  8^  seoonds. 

(  Exploded,  prematurely,  ahont  50  yaida  in  lirant  of 
(     muzzle. 

Burst  in  31  seconds. 
Burst  in  8  seconds. 
Burst  in  8{  seconds. 
Burst  in  US  seconds. 
Burst  in  12  seoonds. 
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B«(i>rd  of  firing  ««*  3.2-fiidk  brMA-Uading  Hfle  (i 


Po«d<r. 

II 

f| 

^  1 

9 

^ 

^ 

■niML 

71 

"1. 

1 
1 

If 

1 

J 

Klod. 

!l 

Kind. 

I 

1 

1 
S 

i 

ISBS. 

' 

Lb,. 

ft«t 

AM. 

1 

Jnly  IS 
July  16 
Jnly  15 

-is 

3 

1 

■VsjT"""' 

UBS 

'-"i 

' 

tS""-^ 

■i 

1 

1. 

u 

1 
i 
1 

Jaly  IS 

s' 

i 

3'Ji 

■'" 

Jaly  17 

1 

3 

1 

,. 

4 

1 



im 

Jnly  17 

S 

1 

m 

J 

. 

1  i 

SC.OW;  IhemiaDi' 

eter.al.3ihninld- 

Sa 

f-g     ■ 

It,,™. 

UM 

Jnly  IT 

3 

111 

,. 

• 

1' 

p4 

r;:  r 

^ 

i 

'■i-I 

1 

ft. 

ml 

■ 

1 

IIH 

3 

^j  r| 

12 

s 

i 
i 

W""""- 

1200 

Au^O 

3I 

' 

lUl 

' 

s 

i  > 

pHl 

1 

1 

!«. 

S^. 

|. 

3 

ill 

-It  ST,  100 

I.7« 

0.00 

s 

1202 

S^L    * 

IE 

3 

"1 

-15»S,M0 

..«! 

0.00 

sJ 

1103 

Sept.* 

°i  ;>: 

III 

J 

-16JS,800 

0.00 

10.ff7S,UieniiW 

120. 

Bn>L    * 

4 

3' 

■^1^ 

1 

-15  37.250 

I.  (S3 

10.00 

eter,  TSj  humld- 
H,.  78. 

1205 

S«vt.    4 

ii 

3' 

i;i 

;:i 

-IS^TOt 

l,™ 

,..» 

II 

1200 

SepL    « 

|l 

3 

1-.. 

" 

-ia'32,7M 

l.U»10.(« 

I5 

IKT? 
12U8 

3.pt    4 
S.pt.     4 

V 

\pi 

:1 

—IE 

3«,aoo 

^;: 

;:j 
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Hook,  N.  J.ffrom  October  15,  1884,  to  September  15,  1885— Continued. 


■p«olaI  remarkfl  aboat  cAoh  fire,  laoh  m  effect  on  piece,  eoimd  of  projectile  in  flight,  •oattertoc  of 

fragments,  ftc 


1 

Hi 

1^^ 


Composition  time  ftise  set  at  16  seconds. 
ComposiUon  time  fuse  set  at  15  seconds. 
Brass  time  fiize  set  at  15  seconds. 
Bnas  time  faze  set  at  15  seconds. 


Barst  in  15  seconds. 
Barst  in  15  seconds. 
Burst  in  16^  seconds. 
Barst  in  131  seconds. 


Line  of  fire  constantly  changed  on  account  of  moving  ressels. 


►  a 


Fired  over  water  to  try  faze;  composition  ftize  )  Broke  into  three  fragments,  one  striking  beach 
set  at  6  seconds;  shrapnel  contained  1||  ounces  >  60  yards  from  gun,  one  etrnck  water  75  yards 
musket  powder,  bursting  charge.|  )     from  gun,  and  one  sLraok  water  in  8i  seconds. 


Fired  orer  water  to  try  faze;  brass  ftaze  set  »t)  y.    ^^   1 
5  seconds;   shrapnel   contained  li|  ounces  >    g^Man 
musket  powder,  bursting  charge.  )       ■o*^» 


three  fragments;  one  stniek  water  in 
seconds  and  one  in  5  seconds. 


Fired  into  sand  butttotry  fhse;  brass  frize  set)  Broke  in  bore  into  many  fhigments;  80  hits 
at  5  seconds;  no  bursting  charge  in  shrap- >  counted  on  boardH  covering  sand  butt;  fuse  and 
neL  >     half  of  base  of  shrapnel  recovered  from  butt. 


u 

V 


Frankford  metallic  time  faze  set  to  explode  at  6  leconds.    Burst  100  yards  in  front  of  gun.    No 

small  fragments  noticed. 
Frankford  metallic  time  faze  set  to  explode  at  5  seconds.    Burst  in  or  near  gun.    Number  of  small 

fragments  noticed  striking  directly  in  frt>nt  of  gan. 


p 


f  opened  and  closed  easily. 
I  Do. 

Do. 

Do. 

Do. 


M  r  Very  slight  escajM»  of  gas.    Block  opened  easily. 
E  Y  1  Considerable  escape  of  gas.    Block  opened  rather  htfi. 
&  (  No  escape  of  gas.    Block  opened  easily. 


^- 


BEPOST  OF  THE  CHIEF  OF  OEDHANCB. 

Btcvrd  of  firing  wJU  3.2-iiiak  brteeh-loading  rifli  (fleet)  al  Sondjr 


it 


lis 

is 


lIlOBeiii.  i 

aiSiTt  t 

IlllZBcpt  * 

121 S  Sept.  < 

IZllBapt  * 

imSspL  < 

iVsept.  i 

UlT^aept  < 

ept  I 


P  H_Bu«metBi 


mi.Sfpi.  4 

imSept.  1 

»3Sept.  4 

:24Sept.  4 

IlZSSept  4 

2aSfipt.  4 

11-';  ^.  lit  41 

ItJ-s, ,.(.  4' 


i:943«pi.  1 

123ES«pL  4 

IlMScpL  t 

123T's»pt  I 

i:i8Sept  < 


1140  Sept.  < 

1141  Sopt  4 
1242  5«pL  I 

13  Sept  I 

1244  Sept  < 


1 
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Mooh,  N.  J.,  from  Ootoher  15, 1884,  to  September  15,  1885--CoiitiDQed. 


8p«ebd  moArlu  about  eaoh  Are,  moh  m  effect  on  piece,  loaiid  of  prqjeotile  in  flighti  Mfttteilnf  of 

fragmenti,  Ao. 


i 

0 


»Boondi  1209to  1260  flred  in  86  minntet. 


KEPOBT    OF   THE   CHIEF    OF   ORDNANCE. 

Rtoord  of  firing  witk  3.2-inoh  br»etk-loadiiig  riflt  (ilwl)  ai 

Wgt 


llUStpU    4 

lZ47.Sapt   I 

t8S.pt.    i 

mgscpL  I 

12S0'3ept.    1 
1251  .Sept.    I 

astpt.  ' 

S3.RapL  ( 

lIMlSept.  ( 

US«pL  ( 

IZWSapt.  4 

IZST8.pt.  1 

IISSS.pt.  * 

lIMSept.  4 

lOSept  ( 

IM]3ep(.  I 

T'"- ' 

isea.Sept.  < 

MSvpt.    4 

WS.pl.  4 

«S.pt  < 

e8S.pt  t 

IMMSspt  4 

rroSept.  < 

127 1  Sept.  I 

l2TES.pb  < 

II73S.p(.  4| 

IIT4S«pl^  4 

1271  Sapt.    < 

]2T7.8.pt.    < 
12T86.pt    4| 


',1 

'A 


mSBapt   4| 


FrojHtil.. 

H 

g 

« 



E? 

■S. 

a 

W 

li 

■5 

Itoi        . 

•   s 

fft 

II 

s 

il« 

1 

t 

r 

^ 

1 

rM 

F<*t 

p«r 

-'1 

i" 

! 

,. 

1   -,s 

i  I" 

.      -,5 

1   ■' 

::3 

1       ,, 

IBl 

1             13 

r 

- 

-            'l3 

I.        \ 

::3 

1 

J    ;,. 

i  !;: 

,r 

1 

;:3 

1  1- 

§         la 

13 

1:; 
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Hookf  X,  J,,  from  October  15,  1884,  to  September  15,  1885— Continned. 


Ipeoial  renutfka  »boat  each  Are,  snoh  aa  effect  dn  piece,  eoand  of  projectile  in  flighty  aoattering  oi 

Aragments,  Sco. 


\      f 


M 

i 

s, 

i 


d 

i 

S 

a 


$ 

O 

a 
a 

8 

a 
1 

s 

8 

s 


Gun  wiped  onft  with  aH  aponge^  aod  farmetora  oleaaad  off  with  waafta 
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EEPORT  OP  THE  CHIEF  OP  ORDNANCE. 


Beoard  of  firing  with  3.2-ificli  hreeok-loading  rifle  (f  teel)  at  Sandg 


P.  1C— Barometer, 
29.965;  thermom- 
eter, 77;  humid-' 
Ity,  7«. 


i 


I 


1S83 
1284 
1286 


1885. 
1281  Sept 

1282|Sept 


Sept. 
Sept 
Sept 


1286|8ept 

1287  Sept 

1288  Sept 
1280  Sept 


A*  IC— Barometer, 
29.954;  thermora- . 
eier,  68;  humid-' 
Ity,  80. 


1290 
1291 
1292 
1293 
1294 
1295 
1296 
1297 
1298 


1300 
1801 
1802 
1303 


Sept 
Sept 
Sept 
Sept 
Sept 
Sept 
Sept 
Sept 
Sept 


1299  Sept 


Sept 
Sept 
Sept 
Sept 


1304  Sept 
I 

1305  Sept 

1306  Sept 
1807  Sept 

1308  Sept 

i 
1309.Sept 

1310  Sept 


1311 
1312 
1313 
1314 
1315 
1316 
1317 


Sept 
Sept 
Sept 
Sept 
Sept 
Sept 
Sept 
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Hookf  N.  J.tfrom  October  15, 1884,  to  September  15, 1885— Continued. 


Special  remarkft  about  each  Are,  saoh  aa  effect  on  piece,  sound  of  pn^eotile  In  flight,  soattering  of 

AragmenM,  Ae. 


i 

o 
a 

A 
g 

"  I  Roonda  1261-1800  fired  In  46  minntea. 

^    Roonda  1351-1300  aabeatoa  miztare  aqaeeced  oat  somowhat  fVom  the  rear. 

*» 

-o 
a 

S 


6nn  atar  ganged. 

Bxceaaive  escape  of  gaa,  making  it  neceaaary  to  nn»  mallet  in  opening  block. 

Abont  tAv  ^^^  remoTed  fhim  rear  &oe  of  obturator.    Opened  little  stiff.     Xo  escape  of 
No  escape  of  gaa.    Blocks  opened  and  closed  easily. 


I 

I 


s 

i 

3 

5 


4625  ORD 37 


BEPOKT  OF  THE  CHIEF  OF  OEDNANCE. 

Beeord  of  firing  icHh  X%inoh  breeek-loiidiiig  HJU  {iteel)  of  Smdf 
Pawdsr.  ProjNtdle. 


2».9U;  tbenaom- 
■tor.  t8^  .humid. 


Time. 


laus^pt.  i 
181«Sept. 
.lS2aisept.    5 

1332'Sept 

iaus«pt. 

Sept, 
Sept    S 
1127  Sept. 

1328  Bepl.    G 
132t|sept. 

^USliSept.    i 

t334iSepl. 

IMSjSfpt 

1338;  Sept. 

lS37J3atit 
■|33B'sept-    S 
,13m|SepI 

t340Sept.    i 

lUllsept.    Sj 

lUSSept.    K 
llS43.Sept.    S; 

i3«j8Bpi.  s; 

ISISSept.  » 

juuisept.  SI 

.194TiS«pL  S 

llSUiSepL  s' 

'134SS«pl.  t) 

Isso^Sept  S 

!  ISM  .Sept.  S' 

jlSt2J3ept.  S! 

llSN'sopt  f>'. 


Wgt 


4 


1 
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Hookf  N,  J, y  from  October  15,  1884,  to  September  15,  1885 — Continued. 


SpecUi  remarkft  about  each  flro,  such  aa  effoot  on  pieoo.  sound  of  projectile  in  tiight,  ■oattering  of 

fkikgrnenta,  &c. 


M 


I 

i 

3 

3 

.9 


J 


Aft«r  this  round  vent  stopped  and  had  to  be  drilled  out. 


Fired  into  sand  bntt.    Frejre  gaa-oheok« 
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REPORT  OF  THE  CHIEF  OF  OEDNANOE. 


Record  offir\n§  with  3.2'inck  hreeck^loading  rifle  (iteel)  at  Sand§ 


I      Powder. 

1-     - 


S  ' 

£  ,  Time. 

o    ' 

^  > 


Wgt 


Kind. 


I    1885. 
rl854iSept. 


'1365 
1856 
1357 
1358 

I 

1359 
Il360 
il3«l 
1362 
1363 


Sept 
Sept 
Sept 
Sept 
Sept 
Sept 


5 
5 
5 
5 
5 
5 
5 


Sept    5 


Sept 
Sept. 

I 

1364JSept 
1365  Sept 
1366|sept 
1367!sept 
1868;Sept 


1369 


Sept 


J. 


,  M. — ^BMometer, 

IBtjg64:(heTmom.< 

r,  68;  bomid-     1370  Sept 

'~"  Sept 

Sept 

Sept 


1371 
11372 
!l373 


P.M 


1874iSept 
'l875isept 
|1376'Sopt 
•1377  Sept 
1378  Sept 
1379lsept 
1380jSept 
138l|sept 
1382Sept 

I 

1383|sept. 
1384  Sept 
1385'Sept 
138d  Sept 


5 
6 

5! 
5 

»i 

5i 

*i 

5 
5 
5 

5 
5 
5 
5 
5 
5 
5 
5 
5! 

I 

5 
5 


g 

72 

d 

"3 

9 

& 

S 


•»5 


I 

n 

■ 


0 


4 

a 

& 


a 


312 
812 


|3 

3 

'  3 


12 
12 
12 
12 
312 
3'l2 

312 

I 

312 
3I12 
312 
312 


12 
12 
12 
12 
12 
12 
12 
12 
12 
12 


312 


12 
12 
12 
12 
12 
12 
12 
12 
3'l2 


Prctjectile. 

Wgt 


Kind. 


t 

a 
« 

I 

1 

rs 

■% 

10 


u 


i 


s 

I 

9 

jet 

I 


a 
s 

o 


p 
O 


,►•8 


08 


)  o 


18, 
18; 

I 

13, 

13 

I 
13 

13i 

13{ 

13 

I 

13> 

I 

13' 
18; 
13 

!l3' 
13 
13, 

is: 

13 

A 

13i 

^^! 
13! 

I 
13, 

18 

13 

II 

18 

13 

13 

13 

13 

13 

13 


-15i 


-15 
—15 
—15 
—15 

-is; 
-15; 
—15; 
-15' 

-isi 

—15 
—15' 


—15 


—15 
—15 
-16 
—15 
—15 
—15 
—15 
-15 
-15 
—15 
—16 

-"I 

—15: 

-»! 

i 
-16 

-15 

—15 

—15 

—15 

—15 


F9et 


•a 

9 

P 


O 


9 

S 

1 


g» 


>    * 


•a 


•9 
s 


E 
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Sook,  N.  J,t  from  October  15,  1884,  to  September  15,  1885— Continued. 


SpeoUl  remarks  aboat  Moh  fire,  mob  tm  elfbot  on  pleoe,  loiiiid  of  pn^ootOo  In  flight,  •oattoriBC  of 

fragmonU,  Ac. 


i 
I 


>  Rounds  1W2  to  18M  flrod  in  18  minatos. 

0 

.a 
i 

3 

a 


J 


Tndi  of  earrlAge  bent  and  oraoked,  and  seven  rivets  broken  off. 
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REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Record  of  firing  with  3.2'inck  hretoh'loadxng  rt/le  (•toeZ)  at  Sandy 


Powder. 


Projectile. 


I  p^ 


Wgt 


80.M0x  thermoiD' 
eter,  64;  bnmid- 


i^     Time. 

o 

S 


1685. 
,lS87Bept  11 

1888'Sept  11 

I  I 

1888  Bept.  Ill 

1880  Sept  11 

1891  Sept  11 

I 

1392Sept  11' 
1893  Sept  11 
,1394  Sept  11 
1395  Sept  11 
il396Sept  11 
|l397Sept  11 
|l398Sept  ir 
1899  Sept  11 

1400  Sept.  11 

1401  Sept.  Ill 

1402  Sept  ll! 

1403  Sept  111 


KiDd. 


^! 


1404  Sept  ll! 


|l406Sept  11, 

1406  Sept.  11 

1407  Sept  11 
,1408;Sept  11 
']409Sept  11 

;  I 

UlOSept  11, 
'uilSept  11 
|l412,Sept  11 

1418'Sept  11 

i 
'l414  Sept  11 

!l415Sept  11 


1416 
1417 
1418 
1419 


Sept  11 
Sept  11 
Sept  11 
Sept  11 


1490iSept  11 


1421 
1422 


Sept  11 


Sept  n , 


a 
o 


s 


'       m 

A 


n 


p 

,0 


r  3 12 1 

.  312 

,  312 

I     I 

'  312 

,     I     . 

:   312 

<  312 


Kind. 


312 

312 

'     I 
312 

I 
312 

3!l2l 

J.J 
3^12 

312 

312: 

I     I 
3'12, 

312' 

I 
I 

312 
312 

3,12 

I     I 

I  3^12' 
312 
312 

I 

I 
312 

I 

312 

I 
3,12 

312 

8  IS 

8121 


812 
312 
812 


812 

I 


312 
312 

i 

I    312!j 


2 

I 


Wgt 


tt 


I 

e 
a 

^      -ii.      < 


o  p 


18 
18 

13 

I 

13 
,13 
13 
13 

I" 

,18 

,13 
13 
13 
13 
13 
13 
13|.. 

13  . 
18.. 
,18.. 
18.. 
13.. 


^8, 
13 

18 

18 

13 

18 

I    I 
18 

jl3'     • 

il8 

18.. 

18.. 

18.. 

18.. 

I  18.. 


pi 


o.  / 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


«p 


srs  11*^ 


8.g 

p  e 

la 


Lbi 

84.000 

85,550 


34,2501.727 


ar 

FeeLiFML'. 
1.746 

1.748. 


9 

a 


u 

a 

o 

3 

I 

6 

9 
t 

g 
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Hookf  N.  J.ffrom  October  15,  1884,  to  September  15,  1885 — ^Continued. 


Special  remArkt  aboat  each  Are,  tnch  m  cfTect  on  piece,  aonnd  of  prq)6ctile  In  fll£ht,  toAttcifng  of 

fhigmente,  Ae. 


2 


Bolt  of  oleTAting  ecrew  box  broke. 


0 
US 

i 

a 
1 


'  Find  in  II  minntea. 


A^Hombling  bolts  for  axle  plates  broke  and  bad  to  be  lepaired. 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

lUccTd  tff  firing  vilA  3.3-ln(A  br««ol-lmullBj  t^  (dMl)  ai 
Pander.  Prqjeoti: 


Tlmi 


wr 


A.M.-.BiiromMCT, 
M.Mti  thanuom- 
•tar.  Mi  faamld- 
tty.n- 


I41S  BepL  11 

'sepL  11 

lt!&  Bcipt  11 

t.11 

H»5«pt.  U' 
U»  Bspt  U 
1490  Bopt.  11 
l«31  S»pL  11: 

ure's-pt.  Uj 

HB3  Brpt.  11 
U31  Sept.  llj 
lUS  gcpL  11 

|uaaB«pLii| 

'liars. 
nwsi.pt  11' 

Hl'-.'i.pl.  II 


,.,„„„.  „l 

114.S:.pt,ll 

lH4S*pt.  iJ 
ll(%S«|>t.ll 

jH4eH.>pt.iij 

!lllT  Sppt  III 
Htagept  11 

utd'a-'pi.  II 

USOSepL  11 


iims«pt  11 

lltSSScpL  11 


llUSept  11 : 
HMSept  11 


ml  I: 


I-"-. 


H- 

jH 

3 

s 

h 

s 

812' 

1 

:|:-l 

^ 

.|„' 

I 

S'fJ' 

1 

& 

g 

1 

'"■ 

1 

K 

aij 

,i 

\»l-2 

.a'w 

± 

1    1 

1 

1 

1 

1 

s 

no. 

1 

I-- 



:: 
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Hook,  N.  J.,  from  October  15,  1884,  to  SopUmhor  15,  1685— Continued. 


Spcotol  remftrkt  Aboat  eaob  flre,  taeb  m  effeei  on  piece,  soand  of  pivjeotile  In  flight,  eonttering  of 

fngmenti,  &o. 


I 

1 

p 


586 


KEPOKT  OF  THE  CHIEF  OF  ORDNANCE. 


Record  of  firing  tcith  3.2-ifie^  hreeck-loading  rifle  (iteel)  at  Sandy 


A.  H.^Barometer, 
80.260  { thennom-  > 
eter,  04;  hiUDid 
ity.  81. 


P.  H.— Barometer, 
80.225;  tbennont.- 
eter,  68 ;  humid- 
ity, 68. 


Powder. 


?     Time. 

I 

a 


!    1885. 
1458  Sept  11 

1450  Sept  11 

1460;Sept  11 

|l46l|sept  11 

il462'sept  11 

|l463Sept  111 

111 
1464  Sept  111 

I  I 

1465Sept  11 

1466  Sept  11 

I 

|1467Sept  11 
1468  Sept  ]1 
11466  Sept  11 
|l470Sept  11 
'l471  Sept  11 
11472  Sept  11 


Kind. 


il473 
1474 
1475 
1476 


Sept  11 
Sept  11 
Sept  U 
Sept  11 


1477  Sept  11 

1478  Sept  11 
1470  Sept.  11 

1480  Sept  11 

I  I 

1481  Sept  11 

I 

1482  Sept  11 

I       ' 
il483Sept  11 

'!l484,Sept  11 

|l485'sept  11 

'l486'Sept  11 
I 

1487  Sept  11 

1488  Sept  11 

I 

11489  Sept  1] 


a 


s 


•1490 
!l491 
1492 
1493 


Sept  11 
Sept  11 
Sept  11 
Sept  11 


I 

Q 


Wgt 


o 


12  1 
812 
312 


Projectile,      i 
\Wgt 


Kind. 


ii 


8 
■  8 

r 

:  3 
3 


12 
12 
12 
12 


.3:12 

'     I 
312 

'    < 
812 

I 

;  zi2 

.  312 
3  12; 

8'l2| 
312; 

I 

812 

812 

I    i    ' 
812 

.     I    I 
812 

.  812 

812 

312 

812 

312 

312 
312 
812 
312 
312 
812 

312; 

I 

812 


12 

12 
I 
313  J 


I 

a 


I   ■ 


13.. 

ISj.. 
18.. 

is'.. 

13.. 

I 
18.. 

13.. 

13.. 

13.. 

18:... 

18 
13 
13 
13 
18 
18 
13.. 


13 
13 
13 

18. 

I 

18.. 

I 

13.. 

i 

13 
18 
18 
18 
18 
18 

13 

I 
13. 

18. 

13 

18 

18 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

• 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


s 


a 


1 

>»««*> 

1     * 

1 

...... 

1 

* "  ■•  ■  1*  * ••• 
.....I..... 

1 
- 1  -  - 

'    -•  i  -  - 

1 

t 1 

■       1       ' 

! 

' 

. 

1 

84,900 
85,000 
85,850 

1 
1,750 

1,749 

1.747 

1 

1 

i 

1 

1 

•••••• 

.... 
..... 

1 

I. 

0 

o 
.a 

s 

■ 

s; 
8 


& 


f      9 

•0 

a 


I 


S 


S 
o 


BEPOBT   OP   THE   CHIEF   OF   ORDNANCE.  587 

Hook,  N,  J,,  from  October  15,  liJ84y  to  September  15,  1885— Con linued. 


Special  remarks  aboni  each  fire,  encb  as  efTeot  on  piece,  soand  of  projectile  in  flight,  scattering  of 

ftagments,  Ac. 


Block  Jammed  in  carrier. 


I 


5 


I 

.9 

1 


PRoonds  1412-1488  fired  in  47  minntes. 


I 


I 

i 

I 

S 

o 

1 


Block  stock  after  firing  snd  opened  with  difilcolty ;  working  parts  wiped  ont  with  oiled  waste 


Onn  star-ganged. 


.'Rounds  1487-1536  fired  in  82  minates. 


KEPOBT  OF  THE  CHIEF  OF  OBDNANCE. 

Kteord  of  firing  with  3.3-<iieA  brMoA-foMKn^  HJIt  («f««I)  at  SMdy 


^1 


PowdM.  PrtdeotUt 

Kind.     I j    .j    Ktnd. 


I 


II; 
I 


M.nti  tt 

eter.  fl8i 
ity,  n. 


iHSnpL  11 

,i4ae:sepL  ii 

iMM.Sept  U 

ueaopt.  11 

09  Scpl.  11 

|l9WS«p(.    II 

.ism  Sept.  11 

lS03  8»pL  11 
ISU^Beiit.  i; 
«pt.  11 
IMM'scpt.  Ill 
lIWTB«p(-  11, 
lSW8«p(.  1 
IMMSepI,  1 
llD,Bapt.  11 
»\  Supt.  1 
tlZSspt.  11 
»a  Sept.  1 
SI*  Sepi,  11 
tlsSapt  II 
Sl(lS«pL  1 
ISlT.Setit.  1 


ISlBBi 
ISIRSi 


1530  Sept.  1 

111  Sept.  11 
1522  Sept.  II 
ISSSSepL  1 
t»,Sept.  11 
ras'sepL  II; 
^Sei>L  111 
m BepL  II 
SSSBept.  11 
Sai«epL  11 


REPORT    OF    THE    CHIEF    OF    ORDNANCE.  589 

Hookf  N,  J.,  from  October  15,  18B4,  to  September  15,  1885— Continued. 


Special  remarks  about  each  Are,  such  as  effect  on  piec<*,  Hound  of  projectile  hi  Might,  tratterin);  u 

fragmeDM,  Sc-o. 


i 

I 

i  ^Rounila  148T-1S36  flrod  in  32minatM. 

3 

3 

B 

t 


REPORT  OF  THE  CHIEF  OF  OBDNANCB. 

Ktcard  0/  fiHng  with  S.S-ineh  bneeK-loadi^  r^  (ifMl)  at  Soidy 


3D.2£S ;  thermom- 


j  ; 

ii 

188E.    ■ 

11 

m8.pt  11 

81 

mWpt.  11 

11 

snSfipi.  11 

ai 

634  S^t  11 

UtSSfp(.ll! 

81 

t3s.a«pu  n\ 

81 

SW8.pt.  ll| 

s!i 

HW8.P..  Ill 

811= 

BM8.pt.  u; 

'I' 

M08.pt  1. 

8|1 

Ml  Sapl.  ll' 

T 

M2  3«pt  11 

R 

8,1 

6*3,S.pt  11. 

8J15 

M4'3»pt  ll! 

"3 

S16  8.pt  11' 

Jl 

M8  3.pt  ll! 

S 

sii 

MT.3.pt  11 
lM8,S«pt.  11 

31 

SWSept  11 

1 

31 

SAOSspU  11 
»l8<«t  11 

i 

81 

SMB.pt.  11 

81 

ss3:s«pt.  11 

^ 

lSS4S.pt  11 

31 

SSSSeptll 

3) 

SSflSept.  11 

31 

lSST3.pt.  11 

'1' 

SSgaept.  11 

lS»3»pt.  11 

31 

SM8.pt  11^ 

31 

IS«1 3.pt.  Ill 

31 

16«3.pt  11 

31 

ISM  Sept  11 

31 

lH4:S.ptll 

al 

S«S9ep(.  11 

Nil 

Jlli 
Jill 


J 


BEPORT   OF   THE   CHIEF   OF   ORDNANCE.  591 

Hook,  N,  J,^  from  October  15, 1884,  to  September  15, 1885— Continaed. 


Special  roiDArkt  about  each  Are,  aaoh  as  eflbot  on  ploce,  aoiind  of  projectile  in  flight,  aoattering  of 

Ik«sni6nta,  Ao. 


>  Rounds  1487-1536  find  in  32  minutes. 


% 


I 


a 


I  ^Round.H  1537-1586  flred  in»25  niiuut*!*. 


592 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Record  of  firing  with  3.2-incA  breeoh-loading  rifle  {steel)  at  Sandy 


Powder. 


Projectile. 


;  £ 

Z     Time. 

o 

J 

;?Z5 

1    1885. 
1566  Sept.  11 

1567  Sept.  11 

1568  Sept.  11 

1560  Sept.  11 

1570  Sept.  11 

1               j 

1571|Sept.  11 

1 

1572  Sept.  11 

1673  Sept.  11 

1574  Sept.  11 

P.  M.— Barometer, 
80.225;  thermom-, 
eter,  68;  hnmid-' 
Ity,68. 

1575  Sept.  11 

1576  Sept.  11 

1 

1577|sept.  11 

1578  Sept  11 

1570  Sept.  11 

1580  Sept  11 

1581  Sept.  11 

1582  Sept.  U 

15&3Sept.  11 

'1584  Sept.  11 

1585  Sept  11 

1586  Sept  11 

I 

11587  Sept  12 

* 

15£«Sept  1? 

'l580  Sept.  12 

1500  Sept.  12 

1601 
1502 

Sept  12 
Sept  12 

A.  M.— Barometer, 
30.256;  thermom-^ 
eter,  65;    humid- 
ity. 82. 

1503 
1504 

t 

1505 

Sept.  12 
Sept  12 
Sept.  12 

1506  Sept  12 

1507  Sept  12 

1508  Sept  12 

1590  Sept  12 

1600  Sept  12 

1601 

Sept.  12 

i  fit: 

:  S<3 


Wgt! 


:wKtj 


Kind. 


I 

I 


«9 
O 


♦a 

a 
Q 


H 

a 

a 

& 

0 
P 


lO 


Kind. 


Ai'O, 


3il2| 


12 

12; 

312| 

I     1 
312 

3112 

:vl2 

3jl2 
312 
312 

312> 

I 
312 

3J2 

312 

I 

12! 

12! 

12 
12! 
12 
12 
12 
12 

312 

t 
312 

312 

1 

312 

I 
3,12 

3|l2 

312 

3]i2 

3*12 

312 

3I12 

3.12 

312 


I 

a 

I 


•d 


a 

o 

I 


:& 


13 
13 
13 
13 
13 
18 
18 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 

13 

I 
13 

13 

13 

lis 

13 
13 

18 

I 
13 

I 

.13 

|l3 

13 

I 

13 

|13 

!l3 

:13 

I 
13 


.1 


o    t 
0 

0 

0 

0 

0 

0 

0 

•0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


^  M 

d 


fal5   i  ►  S 


2  O 

Am 


—  (  — 
I 


Liu. 


Ftet 


1 


Act 


3 

H 
n 

•a 


■ ,  J 


b 
0 

o 

9 
i 

a 


o 

& 

M 
V 

i 

I 


8 
i 

S 
I 

a 


!!> 


X 


a 


BEPOBT   OF   THE   CHIEF   OF   ORDNANCE.  593 

Sookf  N.  J. f  from  Ootoher  15,  1884,  to  September  15, 1885— Continued. 


Spttdal  reniArks  about  each  fire,  snoh  m  effect  on  piece,  sound  of  projeotile  in  flight,  softttering  of 

ftmgnenu,  &c. 


'♦ 


M 

o 
«> 

JO 

o 

I 

e 

I 

^  ^  Bounds  1537>1580  fired  in  35  minntee. 

0 

•a 

i 

o 
♦* 

a 
I 


4025  OBO 38 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 

Raoord  offtHng  with  Z.iinOt  brteek-ioading  rifit  («ImI)  at  Sutg 


Ii).:;M  ;  Uiermaai' 


t.12 
Sept.  izj 
IWU  S«pt.  12| 

IBOSlSept.  li\ 
3«pt.]l| 
ISOS'Ssiit.  I2I 
l«W-Sept.  1!| 
'.Sept.  is! 
l«lt|sept.  IS- 
iai2.3ept  12! 

leu  Sep).  u\ 

151iS«pl.  i^l 
laie^Sept,  Hi 

HlTISepl.  12| 

'  laislsept.  IZI 
l<l2tljS«pt,  12I 
iffirSept.  121 
1S2:  Sept.  I2I 

lt24|Sept  I2I 
l«2},Sept  I2| 
lB2e3ept.  I2j 

iBj7|S«pt.  i:j 

l«e|Sept.  Ill 

|lS29Jsept  12 
lSMI3«pt.  12' 

lest^Scpt.  1:' 
l«32|aept  i:! 
leaasept.  iii 
imjSrpl.  »' 
I  laasSopt  12 


I  3 11 


P 
I 


KEPOBT   OP   THE   CHIEF   OP   ORDNANCE.  595 

Book,  N.  J.,  from  October  15,  1884,  to  September  15,  1885-Continaed. 


SpaelAl  TMsarks  aboat  eaoh  flx«t  •^th  m  effect  on  pieoe,  soand  of  projectile  In  flight,  Mattering  oi 

frmgmente,  Ae. 


s 

M 

9 

8 

t 

£ 


^  ^Roundii  1587  to  1«S6  flred  in  284  miuuUw. 

tj 
a 

CB 

s 

a 
it 


59(5 


REPORT   OP   THE   OHIEP   OP   ORDNANCE. 


Becord  of  fiHng  uUh  3.2-iiiefc  hreecK-loading  Hfe  {•ted)  oi  SmA$ 


P.  M.— Barometer, 
30.214 ;  thenoona-  < 
eter,  71;  bumid 
ity.  72 


£ 


a 

o 


1686 
1637 


1885. 
Sept  12 


Sept.  12 
12 
Sept  12 
Sept  12 
Sept  12 
Sept  12 
Sept  12 
Sept  12 
Sept  12 
Sept  12 
Sept  12 
Sept  12 
Sept  12 
Sept  12 
Sept  12 
Sept  12 
Sept  12 
Sept  12 
Sept  12 
Sept  12 
Sept.  12 
Sept  12 
Sept  12 
Sept.  12 
Sept  12 
Sept  12 
Sept.  12 
Sept.  12 
Sept  12 
Sept  12 
Sept.  12 
Sept.  12 
.12 
Sept  12 


1638  Sept 

)680 

1640 

1041 

1642 

1648 

1644 

1645 

1646 

1647 

1648 

1640 

1650 

1651 

1652 

1653 

1654 

1655 

1656 

1657 

1658 

1650 

1660 

1661 

1662 

1663 

1664 

1665 

1666 

1607 

166f< 

1660  Sept 

1670 


Powder. 


Kind. 


§ 


s 


n 

CO 

a 
o 


Wgt 


12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
121 


12 
12 
312 
3'12 
812 
312 
812 


Projectile. 


Kind. 


I 

I 

i 


Wgt 


a 

o 


18 
13 
13 
18 
18 
18 
18 
IS 
18 
13 
18 
18 
18 
13 
13 
18 
18 
13 
13 
18 
18 
18 
13 
13 
18 
13 
13 
13 
13 
13 
13 
13 
13 
18 
I  13 


ii 


s 

t 


o  t 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


2r 

h 


Lbt. 


51 

Bt 


fM. 


pi! 


fWt 


J3    * 

o 


u 
p 

o 


1 

t« 

"C 

8 

e 
o 

I 


REPORT   OP   THE   CHIEF   OP   ORDNANCE.  597 

Hook,  N.  J,,  frtm  October  15, 1884,  to  September  15, 1885^Continaed. 


8p«cUl  remarkB  aboat  each  fln^  tach  m  effect  on  piece,  eound  of  projectile  in  flight,  soatterlnK  of 

fngmeiite,  Ac, 


M 

i 

u 

e 

I 


c 
I 


'  Roanda  1636  to  1686  flred  in  45  minatea. 


REPORT   OF   THE    CHIEF    OF    ORDNANCB. 


I14j  therq 


P.  H.— Bw«m< 
10.818;  thrni 
Bter,81.4i  tiu 


iail|SepllS 
72  j  Sept.  13 
Tajsept.  12 
TijSept.  11 
TSjSepl. 

10781  So  pL  II 
977.  Sept.  12 

ETslSept.  U 

]  ^l«79|Snpl.  12 

80  Sept. 

SljStpt 

«';js«pt.  12 
»3:sppt.  12 

|l«M:5cpL  12 
ll8IM|S«pl.  II 
Sept.  12 
Scpt-l 
?t>pb.  It 

'i«eD|Si]pc.it 

so*  Sc-pl.  It 
Wl.S.-pl.  13 
!Ik|»cpL  IB 

lesjiSopt. 


MjSopt,  IE 
OlllSepU 
170I|.Scpl.  IB 
TMSfpt. 

rosjSdpt.  IS 

HMjSupt. 

■osj&pt 

ITOs'sept  U 


Pn4MUIi 

1 

1 

1 
1 

3 

1 

1 

1 

13.       0 
U..     0 
13         0 

13..     0 

tS..     0 
IS.       0 

at. 

r«ft 

F«t. 

;; 

i 

: 

; 

' 

la'.,    p 

13..     0 

3.     a 

13..     D 

j 

1 

IS    .     D 

13           0 
IS..     0 

»..     0 

13...     0 

bL-,  0 

s;..|   B 

U..     0 
U..     0 

i 

s 

4 

' 

? 

^ 

I 

1 

1 

1 

REPORT   OF   THE   CHIEF   OF   ORDNANCE.  599 

Book,  N,  J.,  from  Oetobw  15,  1884,  to  September  15,  1885— Continaed. 


Speolal  remarks  about  eaoh  Are,  taoh  m  elfoot  on  pieoe,  toand  of  protJootUe  in  flight,  Mattering  of 

fragmente,  ito. 


•  Ronnde  1686  to  1686  fired  in  45  minatee. 


Onn  star-ganged. 


Tired  into  sand  batt.    ITreyre  gas-oheok. 


HEfOHT  OF  THE  CHIEF  OF  OBDNAHCE. 

Reoord  of  firing  with  3.2-liich  bnoA-loatling  Hfie  (i 


P.  U.— BiinmE 


I    1B«5, 
ITOT  S«pt.  II 

ITOSSept.  II 

lT«SS«pt  II 

ITIO  Sept.  lA 

ITil'sspt.  U 

I7t2Sq)t  IS 

iTin^Si'pt  IS 

KL4t!i-pt;  la 
ITieS^pt.  19 
ITIU.Sppt  IE 
■<,-pL  IS 
Si.pL  15 
^"[)t.  IS 
s,.pt  IS 


lii 


lili 


REPORT   OF   THE   CHIEF   OF    ORDNANCE.  601 

Hook,  N,  J.ffrom  October  15,  18»4,  to  September  15,  1885— Continned. 


8peci»]  mnarkt  about  Moh  Are,  tach  as  effect  on  piec^,  sound  of  prodeotUe  in  flight,  acsttering  of 

fragments,  fto. 


Fired  into  aand  butt    Frayro  gaa^heek. 


KEPOET    OF   THE    CHIEF   OF    OEDNANCE. 

jBMont  of  firing  with  :L2-fHdh  bnteK-loadmf  riJU  ((ImI)  nl  Sndf 


F.  U.— Bkromati 


i 

11 

^1 

H 

1 

s 

1 

rtt. 

J-wl. 

~ 

-U 


REPORT   OF   THE    CHIEF    OF    ORDNANCE.  603 

Book,  N.  J,^fram  October  15,  1884,  to  September  15,  1885— Continaed. 


Speoial  nm§rkM  aboot  MMh  fire,  snob  m  elfrot  on  pieoe,  aoond  of  picjeotilo  in  fligbi,  loattertaig  of 

frngmenu,  Ao. 


WtnA,  Into  Mod^boti.    Vroyre  gM-ohook. 


BEPOKT    OF    THE    CHIEF    OF    ORDNANCE. 

Eeport  of  firing  with  3.-i-inch  brctoh-laadtng  rifie  (tttel)  4l 


1 

i 

PowddT 

Wgl 

5 

Kind. 

5i 

1 

1! 

1   ;,««. 

in8  8.pt.  IS 

313 

ims.pt.  IB 

.„' 

17M8.pt.  16 

.11. 

,1781  Sept  IS 

..: 

n!«s<.pt.ifi 

S 

..; 

1783  S.-PL  15 

..; 

17MS.[it.lS 

2 

" 

iTias.-^t.i5 

■* 

Jii 

i7fies,.pti5 

, 

■I" 

17(ITS«pLlS 

S 

Uy.V*  ■    "■" 

Cli 

s,,t. 
S.  |,t.  15 

i 
1 

178 

S.-pt.  IS 

312 

1701 

sn-t  is' 

« 

^ 

S12 

313 

17W 
ITDO 

SrpL  IS 
Sopt.  IB 
Se,,t  15, 

1 

s 

3:13; 

Max 

1'  1 

Wgt 

it  i 


ill! 

II  Hi 


jl 


REPOfiT   OF   THE   CHIEF   OF    ORDNANCE.  605 

HooK  N.  J.,  from  October  15,  1884,  to  Sleptemher  lb,  1885— Contiuued. 


Speotel  ranftrkB  about  Moh  fire,  toch  m  effect  on  piece,  eoand  of  projectile  in  flight,  Mattering  of 

fragmenta.  Sec. 


fired  iato  aand^bntt.    Freyre  gaa^eok. 


606 


REPORT  OF  THE  CHIEF  OF  ORDNANCE. 


Tablk  VIL— Showing  enlargetnent  of  bore  and  okamher  o/3.d-iiiefc  broeeh-ioaimg  rifk{M), 


\ 


Bnlftrgemeiit  of  bora  aftw— 


^    I' 

6      I 


70 

80 

68 

07 

66 

65 

64 

68 

62 

61  I 

601 

59  I 

58  I 

67  I 

Ml 

55 

54  I 

53 

52 

51 

50 

40 

48 

47  • 
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BEPORT  OF  THE  PRINCIPAL  OPERATIONS  AT  THE  UNITED  STATES  POW- 
DKR  DEPOT,  DOVER,  N,  ,/.,  DURING  THE  FISCAL  YEAfi  ENDED  J€NE 
30,  1885. 

By  Major  J.  P.  Farley,  Ordnance  Drfartmbnt,  Commanding. 

(2  plates.) 

XJ.  S.  Powder  Depot, 
September  9, 1885. 
The  Chief  of  Ubdnanob,  U.  S.  A., 

Washington^  D.  0. : 

Sib  :  I  have  the  hoaor  to  submit  a  report  of  the  principal  operations 
at  this  post  during  the  fiscal  year  ending  June  30, 1885. 

The  following  statement  exhibits  the  amount  of  funds  received  and 
expended  during  the  present  fiscal  year : 

RXCKIVED. 

1B84. 
Jaly  1.  Balance  on  deposit  with  the  assistant  treasurer  United  States  at 

New  York...: f8,509  78 

Amount  appropriated  for  Powder  Depot  available  after  July  1,  1884 40,000  00 

Amount  allotted  for  ordnance  service  available  after  July  1,  1^ 1, 000  00 

Total  available 49.509  78 

BX  FENDED. 

Amount  expended  for  labor  on  magazine  No.  3 $5, 720  52 

Amount  expended  for  material  on  magazine  No.  3 13, 729  09 

Amount  expended  for  incidentals  on  magazine  No.  3 5, 188  44 

24,638  05 

Amount  expended  for  labor  on  magazine  No.  4 913  37 

Amount  expended  for  material  on  magazine  No.  4 59  94 

Amonnt  expended  for  incidentals  on  magazine  No.  4 259  85 

1,233  16 

Amount  expended  for  labor  on  stable 3,588  98 

Amount  expended  for  material  on  stable 3, 943  47 

Amount  exi>ended  for  incidentals  on  stable 2, 007  00 

9,539  45 

Amonnt  expended  for  labor  on  office 466  75 

Amount  expended  for  incidentals  on  office 124  60 

591  35 

Amonnt  expended  for  general  repairs  of  buildings 620  89 

Amount  expended  for  incidentals  in  repairs  of  buildings 165  76 

786  65 

Amount  expended  on  roads,  grounds,  &c 9, 075  36 

Amount  expended  in  incidentals  on  roads,  grounds,  &c 2, 421  00 

11,496  36 

1886. 

June  30.  Amount  available  for  future  expenditure  and  on  deposit  with 

the  assistant  treasarer  United  States  at  New  York 1, 224  76 

49,509  78 
NoU.-^^^  Incidental "  expenses  under  each  head  is  a  pro  rata  distribution  of  misoel- 
aneons  expenses. 
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MAGAZINE  NO.  3. 

Work  on  this  building  has  beeu  continued  during  the  present  fiscal 
year.  Prior  to  June  30,  1884,  the  following  work  had  b^en  done  on  the 
building :  93,000  cubic  feet  earth  and  rock  excavated  and  removed  from 
foundation  bite,  and  1^130  cubic  feet  mortar  masonry  laid  in  founda- 
tion walls.  If839  superficial  feet  stone  were  cut  and  dressed  for  steps, 
sills,  &c.,  at  a  cost  of  $7,061.65. 

Since  July  1,  1884,  and  up  to  the  end  of  the  present  fiscal  year,  3,231 
superficial  feet  stone  were  cut  and  dressed  for  roof-truss,  water-table, 
steps,  sills,  &c.  The  iron  fioor-beams,  columns,  ceiling-beams,  &c.,  have 
been^  put  up  in  jyiildii^,  and  the  brick  walls  have  been  completdi  to 
the  ceiling,  at  a  cost  of  $24,638.05. 

This  magazine  is  similar  in  size  and  structure  to  magazine  No.  2,  and 
the  same  quantities  of  material,  distributed  in  the  same  manner,  have 
been  used  in  its  construction.  The  structural  iron,  consisting  of  channel 
and  I  beams,  tie-rods,  columns,  n>of-trusse8,&c.,  was  furnished  nndercon- 
tract  by  the  Passaic  Rolling  Mill  Company,  of  I'aterson,  N.  J.  This  com- 
pany supplied  theiron  work  for  the  two  magazines  previouslybuiltatthis 
post.  The  fireproof  wrought-iron  doors  and  window-shutters  with 
their  frames  complete  were  also  furnished  by  tkis  company. 

The  contract  for  furnishing  the  corrugated  iron  roof  material  with 
galvanized  iron  gutter,  leader  and  drip  pipes,  has  been  awarded  to  the 
Althause  Iron  Company  of  New  York  Gity.  This  company  furnished 
the  same  material  for  the  magazines  heretofore  built  at  this  post. 

The  total  expenditure  to  June  30,  1885,  on  this  building  has  been 
$31,699.70,  of  whicji  sum  $24,638.05  has  been  expended  during  the  pres- 
ent fiscal  year. 

A  careful  estimate  of  the  labor  and  material  yet  required  to  complete 
this  building  places  its  total  cost  at  $39,899.70,  as  against  $50,579.99 
for  magazine  No.  1,  and  44,745.64  for  magazine  No.  2,  this  saving  being 
effected  since  the  enforcement  of  the  eight-hour  law  and  with  a  propor- 
tionate increase  in  the  cost  of  daily  labor. 

The  building  will  be  practically  completed  by  December  1  of  the 
present  year. 

MAGAZINE  NO.  4. 

. 

This  building  was  commenced  in  April  of  the  present  year,  and  on 
June  30  the  following  work  had  been  accomplished :  7,000  cubic  feet  of 
earth  and  rock  excavated  and  removed  from  foundation  site ;  1,620  cubic 
feet  stone  quarried  and  carted  to  magazine  foundation ;  1,680  cubic  feet 
mortar  masonry  laid  in  foundation  walls,  and  306  superficial  feet  bed  and 
joints  cut  for  inside  water-table. 

The  details  and  specifications  relating  to  magazine  construction  at 
this  post  are  given  in  paper  marked  A,  which  accompanied  my  report 
of  operations  for  the  fiscal  year  ended  June  30, 1884,  on  page 92,  Report 
of  Chief  of  Ordnance  for  1884. 

For  modifications  in  details  and  additional  data,  see  appended  sheet 
marked  B  and  Plate  III. 

The  accompanying  plan  (Plate  1)  approved  by  the  Department  Feb- 
ruary 4,  1885,  indicates  the  proposed  sites  for  the  ten  magazines,  the 
accessory  buildings,  and  general  features  of  the  new  post.  The  map 
(Plate  li)  shows  the  location  of  the  powder  depot  to  be  at  a  point  fonr 
miles  due  north  of  Dover,  N.  J.,  and  three  miles  by  the  nearest  road 
from  the  freight  depot  at  Port  Oram,  N.  J.,  the  junction  of  the  Dela- 
ware, Lackawanna  and  Western  Kailroad  and  the  Central  Railroad  of 
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•  New  Jersey.  An  isosceles  triangle  having  an  easterly  base  of  63  miles 
from  Sandy  Hook,  N.  J.,  to  West  Point  N.  Y.,  and  with  remaining 
sides  45  miles  in  length,  will  locate  the  powder  depot  in  the  mountains 
of  New  Jersey  45  miles  northwest  by  rail  from  Ifew  York  City. 

BARN  AND  STABLE. 

Work  on  this  building  has  been  carried  to  completion  during  the 
present  fiscal  year  at  a  total  cost  of  $12,646.08,  the  expenditures  for 
the  present  fiscal  year  being  (9,539.45. 

The  principal  work  done  during  the  year  is  as  follows :  192,900  hard 
bricks  laid  in  walls,  piers,  &c. ;  1,258  square  feet  cut  stone  for  window 
sills,  pier  caps  and  belt  laid  by  masons.  The  doors,  windows  and 
frames,  truss  and  rafter  frames,  beams,  &c.,  made,  and  ail  necessary 
wood  work,  framing,  sheathing,  &c.,  done  by  carpenters,  6,556  square 
feet  of  siat^  roofing  put  on,  and  the  deck  of  roof  tinned  and  painted 
with  metallic  paint. 

A  well  of  pure  water  16  feet  deep  dug  a^d  lined  with  stone. 

Plates  lY  to  YII  show  the  front  and  side  elevation  and  the  ground 
plan  of  this  building. 

OFFICE  AND  STORE-HOUSE. 

Work  on  this  building  was  commenced  in  May  of  the  present  year, 
and  on  June  30  the  following  had  been  done : 

Nine  thousand  two  hundred  and  fifty  cubic  feet  of  earth  excavated 
and  removed  from  cellar;  1,430  cubic  feet  of  rock  quarried  and  carted 
to  foundation  site ;  470  cubic  feet  of  mortar  masonry  laid  in  foundation 
walls;  80^  linear  feet  of  water-table  stone,  and  285  square  feet  of  bed 
and  joints  for  water  table  cut  and  bush  hammered. 

The  accompanyinff  Plates  IX,  X,  and  XI  show  the  proposed  plans  of 
this  building  submittt  d  by  me  May  21,  1885,  and  approved  by  thd  De- 
partment June  3,  1885. 

It  is  found  to  be  an  advantage  to  commence  this  structure  at  this 
time  and  to  carry  it  along  in  connection  with  the  magazine  construction, 
thereby  employing  thepermaneiitforce  to  good  advantage. 

AVENUES,  EOADS,  GATEWAY,  AND  GROUNDS,  MOUNT  HOPE  AVENUE. 

Two  new  bridge  piers,  containing  ^20  cubic  feet  dry  masonry,  built, 
and  the  old  bridge  removed  and  placed  on  same;  99,000  cubic  feet 
earth  and  stone  carted  and  spread  on  road  bed  and  graded;  286  elm 
and  maple  trees  planted  along  road  side. 

MOUNT  PLEASANT  AVENUE. 

Four  hundred  and  eleven  thousand  seven  hundred  cubic  feet  earth 
and  stone  spread  and  graded  on  road  bed ;  one  wooden  bridge  with 
stone  abutments  (4,350  cubic  feet  masonry)  built  and  1,300  cubic  feet 
earth  excavated  for  bridge  foundation ;  two  culverts,  requiring  800  cubic 
feet  dry  masonry,  built. 

MOUNT  PLEASANT  BOAD. 

Thirty-five  thousand  six  hundred  cubic  feet  earth  and  stone  spread 
upon  road  bed  and  graded. 
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GATEWAY  TO  MAIN  ENTRANCE. 

Thefoar  Sinch  columbiads  to  be  used  as  gate  [)ost8  have  been  securely 
set  iu  position  and  the  foundation  piers  built.  The  iron  gates  are  now 
being  made  by  J.  B.  &  J.  M.  Cornell,  of  New  York  City,  under  contract, 
and  they  will  be  delivered  and  placed  in  position  by  August  15  of  this 
year. 

The  following  work  has  been  done  on  the  gun  piers-  and  walls :  Foar 
hundred  and  twenty-five  cubic  feet  of  stone  cut  and  dressed  for  piers 
and  caps ;  one  thousand  eight  hundred  cubic  feet  of  mortar  masonry 
laid  in  gateway  walls.    For  plan  of  gateway,  see  Plate  VIII. 

GROUNDS. 

In  breaking  down,  cultivating,  and  improving  the  land  the  following 
crop  has"  been  harvested : 

Hay,  cat,  stacked,  and  stored tons..  23 

Oats  (22  acres) : ^ bnshels..  562 

»   Corn  I  good do 1,020 

Corn,  soft  and  moldy do 310 

Back  wheat  (10  acres) j do 170 

Value  of  crop  about 1 $1,179  00 

Cost  of  labor,.&c 660  54 

Gain 518  46 

Number  of  public  animals  foraged  for  the  year : 

Horses ^ 5 

Mules 4 

Oxen 2 

Eight  acres  of  new  ground  were  plowed  during  the  year  and  thirty- 
one  acres  were  cleared  of  brush  and  weeds. 

RAILROAD. 

As  stated  in  my  last  annual  report,  I  have  no  expectation  of  private 
enterprise  undertaking  railroad  construction  either  to  or  through  the 
United  States  powder  depot. 

I  therefore  respectfully  invite  attention  to  this  important  subject, 
and,  in  this  connection,  submit  the  plan  of  this  post,  Plate  I ;  a  map  of 
this  section  of  country,  Plate  II ;  together  with  a  profile  and  survey  of 
the  proposed  line  of  railroad,  Plate  XII.  A  careful  estimate  of  the  cost 
of  railroad  construction  and  survey  tables  are  shown  in  Appendix  C. 

At  a  moderate  cost  the  right  of  way  can  be  secured  for  a  railroad 
over  the  wagon  road  from  the  point  marked  M  on  the  map,  Plate  11^ 
to  the  point  marked  A  (a  distance  of  9,600  feet).  This  line  is  also  in- 
dicated from  M'  to  A'  on  Plate  XII.  The  profile  on  Plate  XII  (broken 
line)  shows  the  general  contour  of  the  land  and  the  fill  and  cuts  yet  to 
be  made  for  railroad  bed.  Prom  A  to  B,  Plate  II,  and  A'  B' Plate 
XII,  a  distance  of  3,000  feet,  the  right  of  way  can  be  secured  withont 
difficulty,  and  at  the  point  B,  Plate  II,  and  B',  Plate  XII,  transporta- 
tion over  the  Mount  Hope  Mining  Company's  railroad  to  Port  Oram 
freight  depot  on  the  Delaware,  Lackawanna  and  Western  Railroad,  and 
on  the  Central  Railroad  of  New  Jersey  can  be  had  at  an  equitable  rate. 

The  construction  of  this  post  is  well  advanced,  and  four  magazines 
will  soon  be  ready  for  the  reception  of  gunpowder.  Accessory  build- 
ings of  importance  have  been  constructed,  avenues  built,  and  the  gen- 
eral plan  of  the  depot  well  developed. 
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Id  view  of  these  facts,  it  seems  to  be  a  matter  of  the  first  importance  to 
begin  the  work  of  railroad  construction  before  the  powder  is  stored  and 
held  for  issne  at  this  point. 

In  fact,  with  the  present  poor  facilities  for  unloading  and  temporary 
storage  of  gunpowder  at  Port  Oram,  the  exposure  to  sparks  from  loco- 
motives and  other  risks,  this  point  cannot  be  regarded  as  a  proper 
terminal  for  the  delivery  of  gunpowder  to  our  teams. 

I  therefore  respectfully  urge  that  the  sum  indicated  in  the  accom- 
panying special  estimate  may  be  allowed  for  this  very  important  and 
necessary  object  without  in  any  wise  entailing  a  reduction  in  the  sum 
necessary  to  continue  the  general  work  of  magazine  construction. 

Bespectfully  submitted. 

J.  P.  FARLEY, 
Major  of  Ordnance^  Commanding. 


B. 

ADDITIONAL  DETAILS  OF  MAGAZINE  COXSTRUCTION  AT   THE  UNITED  STATES 

POWDER  DEPOT.  NEW  JERSEY. 

(See  paper  A,  Chief  of  Ordnance  Report  1884,  page  92.] 
1.  ModificaUofis  in  hiJl  of  iron. 

On  paj^e  101  (C.  O.  Report,  18ri4),  under  head  of  **I  beams,''  24  roof  purliusi  proper 
length  19  feet  ll^jncheB  instead  of  20  feet  9  inches. 

On  page  102  (C.  O.  Report,  1884),  under  head  of  *<flat  bars,"  836  purlin  clamps, 
cut  to  patterns,  should  be  **  provided  with  two  holes  2^  inches  from  out  to  out,  each 
hole  elliptical,  with  axes  th^-fonrths  inch  by  three-eighths  inch,  transverse  axis 
in  direction  of  length.'' 

On  page  102  (C.  O.  Report,  1884),  under  head  of  "  round  bars,"  column  stays  7  feet 
11.65  inches  in  length  and  seven  eighths  inch  diameter,  should  be  flat  bars,  oue<half 
inch  thickness,  :Mnch  width,  and  7  feet  11  inches  long. 

Under  same  head,  with  subheading  ''  (2.  With  nuts  and  heads  as  stays)" — 

Length  of  floor  beam  tie  rods,  8  feet  2  inches  instead  of  H  feet  3  inches. 

Length  of  end  floor  beam  tie  rods,  7  feet  8  inches  instead  of  7  feet  9^  inches. 

Length  of  ceiling  beam  tie  rods,  8  feet  2  inches  instead  of  8  feet  3  inches. 

Length  of  end  roof  truss  stajs  (with  foot),  10  feet  H  inches  instead  of  10  feet  2f 
inches. 

On  page  102  (C.  O.  Report,  1884),  under  head  of  "  angles,"  length  of  peak  stay,  19 
feet  lli  inches,  instead  of  20  feet  .55  inch. 

On  page  103  (C.  O.  Report  1884),  under  head  of  '' wronght-iron  bolts,"  anchor  pins, 
length  6  inches,  number  64,  instead  of  length  10  inches,  number  112. 

Purlin  clamp  bolts  to  rafters  1,400  required  instead  of  1^672,  and  the  head  should  be 
Bquare  and  not  beveled. 

There  should  be  an  addition  of  96  wrought-iron  bolts,  diameter  one-half  inch,  lepgth 
2^  inches,  for  angle-Irons. 

The  44  purlin  bolts,  end  section,  should  be  34  inches  in  length  instead  of  35  inches. 

An  addition  of  330  set  bolt>s,  thread  cut  close  Ui  head,  are  required  one  half  inch 
diameter  and  three-fourths  inch  in  length. 

On  page  103  (G.  O.  Report,  1684),  under  head  of  "  wrought-iron  washers,"  100 
seven-eighth  inch  round  required  instead  of  76;  500  three-fourths  inch  round  re- 
quired instead  of  320 ;  200  additional  1  inch  round  required ;  3<X)  additional  one-half 
inch  round  required  ;  300  additional  three-eighths  inch  round  required ;  1,400  addi- 
tional washers,  cast  iron,  required,  same  dimensions  as  the  .56  wrought  iron ;  hole 
one-half  inch. 

Under  head  of  doors,  windows,  and  frames,  page  104  (C.  O.  Report,  1884),  details 
shun  Id  read — 

Two  iron-door  frames,  » 

Inside  measurement  4  feet  wide,  8  feet  maximum,  7  feet  8  inches  minimum  height. 
Sides  angle  iron  3  inches,  by  4  inches  by  three-eighths  inches  thick  ;  7  feet  8  inches 
height. 
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Top  of  frame  1  inch  by  4  inohes  iron  ;  bottom  of  frame  one-half  inch  by  4  inchn 
iron  ;  slot  in  one  side  for  bolt  of  lock.  Foar  anchors  on  each  side  of  door  frame  three- 
eiffhths  inches  by  2  inches  iron,  18  inches  long,  angle  to  center  of  wall ;  each  aDchor 
bolted  to  frame  with  two  one-fourth  inch  bolts ;  heads  countersnok,  one-half  inch 
round  iron  pin  10  inches  long  in  anchor  in  center  of  wall. 

Two  iron  doors. 

Frames  one-half  inch  by  2  inches  iron,  covered  on  the  outside  with  beet  sheet-uon, 
No.  14  wire  gauge,  and  on  the  inside  with  No.  16  corrugated  sheet-iron,  the  inside 
sheet  cnt  even  with  the  frame;  the  outside  sheet  extends  one  inch  around  the  entire 
door  and  laps  on  door  frame,  the  two  sheets  riveted  together  through  the  frame  oTery 
three  inches.  Three  straps  for  hinges  extend  the  whole  width  or  the  door  and  are 
bolted  to  same  with  nine  bolts,  one-fourth  inch  in  each  strap,  one  eyebolt  on  the  out- 
side, at  the  bottom  of  each  door,  1  inch  diameter,  one-fourth  inch  iron.  One  heavy 
lock  on  each  door  6  by  H  inches,  with  wrought  iron  case,  six  tumblers,  brass  bolt 
and  guards,  and  two  brass  keys  for  each  lock.  One  oval  drop  handle  on  each  door, 
three-eighths  inch  brass,  oval  2  by  4  inches. 

Sight  iron  window  frames. 

Inside  measuremeut,  4  feet  wide,  7  feet  maximum,  6  feet  8  inches  minimum  height 
Angle  iron  of  same  dimensions  as  that  used  in  the  door  frames ;  three  anchors  on 
each  side  of  window  frames;  the  anchons  the  same  as  the  door-frame  anchors;  two 
holes  five-eighths  inch  square  in  the  window  frames,  on  each  at  top  and  bottom. 

Sixteen  iron  shutters  ;  two  for  each  window. 

The  frame  for  shutters  one-half  by  2-inoh  iron,  covered  on  the  outside  with  No.  16 
sheet-iron  and  on  the  inside  with  iron  of  the  same  gauge,  corrugated.  The  outside 
sheet  projects  one  inch,  as  in  the  doors,  except  the  left-hand  shutter  of  each  window. 
The  outside  sheet  is  cut  back  on  frame  one  inch  in  the  center  of  the  window  for  the 
right-hand  shutter  to  close  over;  (right  and  left  estimated  from  the  inside  of  bnild- 
ing.)  Two  strap  hinges  on  each  shutter,  bolted  through  the  same  as  the  doors ;  one 
eyebolt  on  each  shutter  on  the  bottom  and  outside;  one  catch  on  each  shutter  for 
swing  bar.  On  each  right-hand  shntter  two  spring  store- door  bolts  one-half  inch 
square,  18  inches  long,  one  at  the  top  and  one  at  the  bottom ;  one  swing  bar  with 
small  knob  on  one  end,  iron  three-eighths  inch  by  2  inches,  and  24  inches  long.  One 
ring  3  inches  in  diameter  of  one- fourth  inch  round  iron. 

Galvanized  iron  roof. 

The  roof  on  each  side  measures  29  feet  6^  inches  by  203  feet  3  inohes. 

Eleven  iron  pntlins  between  rafters  on  each  side  4  inches  high,  flange  2  inches,  the 
distance  between  purlins  bein^  33|  inches  from  center  to  center.  The  iron  for  the 
roof  is  of  the  best  bloom  sheet-iron  No.  20  wire  gauge,  corrugated  and  galvanized; 
the  depth  of  corrugation  is  three-fourths  inch,  sheet-s  3  feet  by  7  feet  3  inches,  and 
well  fastened  together  by  tinned-iron  rivets  on  the  upper  corrugations.  The  sheeta 
lap  li  inches  on  both  sides  and  ends,  and  strips  of  canvas  dipped  in  oil  and  white 
lead  are  laid  between  the  joints,  making  them  impervious  to  air  and  water. 

The  roof  is  fastened  to  the  purlins  by  a  galvanized- iron  U-shaped  strap  one-eighth 
inch  by  three-fourths  of  an  inch,  and  14^  Inches  long,  bolted  to  the  upper  cormgationsoo 
each  Hide  of  the  purlins  and  carried  under  and  around  the  purlins.  The  ridge  of  the 
roof  is  finished  by  a  roll  3^  inches  in  diameter,  bolted  to  the  roof.  A  cornice  is  fast- 
ened to  the  roof  on  each  end  of  the  building,  making  four  pieces,  each  29  feet  6  inches 
long,  5  inches  by  5  inches. 

The  eaves-trongh  extends  on  each  side  of  the  building  its  entire  length,  making 
two  troughs  each  204  feet  1  inch  long  by  13  inches  wide  and  varying  in  depth  from 
4^  inches  to  10^  inches,  to  fit  hooks,  and  is  well  soldered  to  the  roof  and  finished  on 
the  outer  edge  by  a  quarter  inch  round  iron  formed  in  the  edge  of  the  eaves-troo^h. 
The  sheets  are  joined  together  to  carry  the  water  to  the  center  and  to  each  end  of  Uie 
bnilding,  each  section  being  51  feet  with  6  inches  fall  in  section. 

The  eaves-trough  hooks  are  made  of  tbree-etghths  inch  by  2-inch  iron;  and  are 
bolted  to  the  purlins  and  held  in  place  by  a  flat  bar  of  iron  one-fourth  of  an  inch  bj 
li  inch,  running  the  entire  length  of  the  building.  The  two  lower  purlins  are  con- 
nected by  five-eighths  inch  iron  bolts  34  inches  long,  every  5  feet,  te  carry  the  eaves- 
trough.  Under  the  eaves-trough  and  on  the  outer  edge  of  the  brick  wall  is  a  drip  of 
angle  sheet-iron  1  4nch  by  H  inches,  soldered  to  the  eaves- trough. 

Two  leaders,  6  inches  in  diameter,  14  feet  I  inch  long,  including  elbow  aroond 
water  table.  Four  leaders,  4  inches  diameter,  14  feet  1  inch  long,  molnding  elbow 
around  water  table,  and  one  receiver  for  each  leader. 
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The  *roof,  eayes-troagb,  leaders,  roof-roll,  cornice,  and  drip,  are  of  the  best  No.  20 
wire  gauge  galvanized  sheet-iron,  and  painted  on  the  outside  with  one  coat  of  metal- 
lic paint. 

8p€oificatioM  and  hill  of  ironfor  a  oorrugutied  galvanized-iron  roof  far  a  nuigazine  building 

at  the  United  States  Powder  Depot,  New  Jersey, 


Quuitlty. 


18, 050  tqnsre  feet. 


816 

204 

118 

408 

408 

26 

6 
52 

12 
2 


feet 
feet 


feet 
feet 


feet  2  inohea 
feet 


Articles. 


28 

80 

27.000 

27,000 

100 


Chdvanlsed.  corrugated,  beat  bloom.  No.  20  wire  gauge  abeet- 

iron ;  depth  of  oorrugationa. }  'nnh  ;  width  of  oormgations, 

Zi  Inches ;  slzA  of  Khu«$ta,  7  feet  3  iuchcw  b^  8  feet,  for  roofing. 
Galvanized  aheet-iron  stamped  flaahing,  No.  20  wire  gange,  14 

inches  wide,  7  inchea  oormgated. 
Ridge  or  roof  roll,  3|  inchea  diameter,  galvanised,  aheetiron 

of  same  qoality  and  gauge  aa  abore-deacribed  roofing  iron 

(to  be  made  aa  per  drawinga). 
Cornice  5  inchea  oy  5  inchea  boHt  bloom,  No.  20  wire  gange 

aheot-iron  (to  be  made  aa  per  drawinga). 
Drip,  beet  bloom,  No.  20  wire  gange  aheet-iron  (to  be  made  aa 

jper  drawinga). 
2-iiioh  eaves- trough  18  inchea  by  4)  inchea  to  104  inchea,  beat 

bloom,  No.  20  wire  gause  sheet-iron  (per  drawinga). 
6-inch  leader  pipe,  best  bloom.  No.  22  wire  gange  sheet-iron 

(per  drawings). 

6-inoh  elbows,  best  bloom,  No.  22  wire  gange  aheet-iron 

feet I  4-inoh  leader  pipe,  best  bloom,  No.  22  wire  gange  sheet-iron 

I      (per  drawings). 

4-inch  elbowa,  best  bloom.  No.  22  wire  gange  aheet-iron 

Receivers  for  6-inch  leaders.  No.  22  wire  gange  aheet-iron  (aee 

drawings). 
Receiveis  for  4-lnch  leaders.  No.  22  wire  gange  sheet-iron  (see 

drawings). 

|-incb  by  li-inch  bar  iron,  cut  to  required  lengths 

Bolts  i  inch  by  1^  inches,  square  head  and  nnt 

Bolts  I  inch  by  l|  inchea,  countersunk  heads 

BoltsI  inch  by  1  inch,  countersunk  heads « 

Bolts  for  strap  and  ridge  roll,  i  inch  by  |  inch  stove  bolts 

Galvanised  IT-ahaped  iron  atraps  for  purlina  ^  inch  by  f  inch 

by  144  inches  (aee  drawinga). 
Leader  hooks  (made  as  per  drawings) 

t-inch  round  bar  iron  tie  rods,  3  feet  long '. 
ron  rivets,  tinned,  ^  inch  by  finch 

Burrs,  tinned,  for  above  rivets 

Forged  iron  hooks  for  eaves-trough,  |  inch  by  2  inchea,  as  per 
following  description  (see  drawings). 


432  feet  6  inchea 

820 

160 

50 

1,900 


Weight. 


Pounds. 
27,110 

2,150 
804 

258 

205 

1,605 

62 

14 
01 

22 
11 

18 

482 

81 

5 

.J* 

866 

01 
266 
162 

6S 

1,184 


84,5721 


Hooks. 


No, 
4 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


Depth 
of  eaves- 
trough. 


Total 
length. 


Hoolcs. 


No. 
8 
8 
8 
8 
8 
8 
8 
8 
8 
4 


Depth 

of  eares* 

trongh. 


Total 
length. 


Inches. 


41A 


All  of  the  foreeoing  iron  is  to  be  equal  to  the  best  quality  made  bv  McCallongh,  of 
Philadelphia.  It  is  to  be  of  the  shapes  and  dimensions  shown  in  the  drawings,  and 
will  be  snbjeot  to  inspection  and  test  before  acceptance. 

The  bidder  to  whom  the  contract  is  awarded  will  be  famished  with  the  necessary 
drawings,  a  strict  compliance  with  which  in  all  their  details  will  be  reqaired. 
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Record  of  icBta  of  iron  for  Magazine  No.  3,  furnished  by  the  Pasaaie  Boiling  Mill  CoMponsf, 

of  Pateraon,  N.  J.,  under  contract  of  September  22, 1884. 


[Tested  for  Piccatiimy  Powder  Depot  by  St.  J.  Clarke.] 


Date. 
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ESTIMATED  OOBT  OF  BUILDIN^Q  A  RAILROAD  FROM  THE  UNITED  STATES  POWDER 
DEPOT  TO  A  JUNCTION  ON  THE  MOUNT  HOPE  MINERAL  RAILROAD,  ABOH 
ONE  MILE  FROM  PORT  ORAM. 

Clearing  and  grubbing  12,500  feet,  at  |5  per  100  feet |G85  00 

3,100  cubic  yards  rock  excavation,  at  $1.50  per  yard 4,65000 

6,281  cubic  yards  earth  excavation,  at  30  cents  per  yard 1,88430 

19,055  cubic  yards  eartb  excavation,  at  40  cents  per  yard 7,62200 

2,520  cubic  yards  earth  excavation  in  ditches,  at  50  cents  per  yard 1,260  00 

450  cubic  yards  dry  masonry  in  culverts,  at  $4  per  yard I,d0000 

1,500  cubic  yards  dry  masonry  in  side  walls,  at  |1.50  per  yard 2,250  00 

410  cubic  yards  mortar  masonry  in  bridges,  at  $6  per  yard 2, 460  00 

1,920  cubic  yards  embankment,  at  50  cents  per  yard 96000 

40  feet  bridge  superstructure,  at  |40  per  foot 1,60000 

Ballast,  broken  stone  1  foot X 10  feet X  12,500=5,000  yards,  at  75  cents  per 

yard 3,750  00 

Track  superstructure,  12,500  feet,  at  |1  per  foot 12, 500  00 

Right  of  way 3,000  00 

Two  sidings,  1,200  feet  each,  at  $1.50  per  foot 3,600  00 

One  water  tank 5OO00 

One  engine-house 1, 500  00 

Fencing,  2,900  feet,  at  20  cents  per  foot 580  00 

Engineering 1,800  00 

Contingencies 1,87?  55 

Total 54,220  85 
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Line  firam  Mount  H&pe  Avenue  to  a  junoHon  on  the  Mount  Hope  Minei*al  Railroitd  at 

Mount  Pleasant. 


Station^ 


DUtanoe  from 
Station  1. 


Feet. 

1 

0 

2 

1,514 

3 

2,852 

4 

8,200 

5 

4,088 

6 

4,448 

7 

4,560 

8 

4,702 

0 

7,248 

10 

8,1W 

U 

9,836 

13 

10,886 

18 

10,085 

14 

11.685 

15 

12,656 

Left 77    40 

...do 7    34 

...do 28 

...do 11     8 

Bight 2    80 

...do 4    60 

...do 18    87 

....do 11      5 

...  do 12    48 

Left I         18    24 

Carve  to  left,  8^ ;  radiiu,  716. 

Tangent. 

Carre  to  right,  40 ;  radias,  1, 432. 

Tangent  tolCoantHope  Bailroad. 

Angle,  540. 


DlBtanoe  be- 
tween etationB. 


Fut. 

1,514 
838 
848 
838 
410 
102 
212 

2,481 
960 

1,442 

1,250 
100 
700 
970 


To  station— 


2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
Ht.  Hope  Bailroad. 


List  of  grades  from  Station  1  on  Mount  Hope  Avenue  to  junction  on  the  Mount  Hope  Min^ 

oral  Eailroad%t  Mount  Pleasant, 


Station— 

Distance  fh>m 

Grade- 

Grade 

Grade 

Abore  or 

Station  1. 

per  mile. 

per  100  feet 
Feet, 

below  base. 

Fe€t. 

Fut, 

Feet 

1 

0 

+50.6 

Ito  2 

700 

Ascending. 

53 

1.0 

+57.6 

2to  8 

2,400 

Desoending. 

42 

.80 

+44.0 

8to  4 

3.000 

Ascending. 

16 

.80 

+45.8 

4  to   5 

4,800 

Descending. 

16 

.80 

+40.4 

5to   6 

5,600 

Ascending. 

53 

1.0 

+48.4 

6to   7 

6,500 

Descending. 

87 

.70 

+42.1 

7to   8 

7,800 

Ascending. 

66 

1.25 

+52.1 

8to  9 

8,000 

Do. 

16 

.80 

+54.2 

9  to  10 

9,000 

Descending. 

53 

1.0 

+44.2 

10  to  11 

9,750 

Do. 

21 

.40 

+41.2 

11  to  12 

11,450 

Do. 

158 

8.0 

—  9.8 

12  to  18 

12,655 

1 

Do. 

42 

.80 

-17.8 

• 

•$C«^.  0»«   (  «r^  ;S-^.A 
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REPORT  OF  THE   PRINCIPAL  OPERATIONS  AT  THE   ROCK  ISLAND  AR- 
SENAL, ILLINOIS,  DURING  THE  FISCAL  TEAR  ENDED  JUNE '30,  1885. 

Bt  Lieut.  Col.  D.  W.  Flaoler,  Ordxancb  Department,  Commanding. 

(8  plates.) 

Shop  H. — An  iron-finishing  shop  for  the  armory. 

(Plates  I  and  II.) 

This  shop  was  conimenced  in  Aagust,  1878.  The  walls  of  the  build- 
ing had  been  completed  before  the  beginning  of  the  fiscal  year.  The 
work  done  on  it  during  the  year  is  as  follows : 

BOOFI 

The  roof  has  been  put  on  and  completed.  This  includes  the  iron 
truss  roof  frame  (which  has  been  described  in  previous  reports);  the 
wooden  sheathing  1^  by  8  inches,  planed  and  matched ;  heavy  copper 
gutters,  hips,  valleys,  peaks,  and  pediment  flashings,  and  the  slat- 
ing. The  total  area  of  the  roof  is  a  little  over  50,000  square  feet,  or 
about  1^  acres.  This  roof  has  the  same  skylight  4  feet  wide  along  the 
whole  of  one  side  of  the  peak  that  was  put  on  shops  G  and  I,  for  the 
better  lighting  and  ventilation  of  the  third  story.  The  glass  used  in 
the  skylight  is  heavy  ribbed  cast  plate,  |  inch  thick,  strong  enough  to 
bear  a  man  standing  on  it,  and  to  withstand  the  heaviest  hailstones. 
A  new  and  more  secure  method  of  fastening  flashings  to  the  pediment 
cornice  stones,  shown  on  Plate  II,  was  adopted  for  this  building.  The 
oi(^  method  was  to  fasten  the  top  flashing  (copper)  into  a  small  horizontal 
groove  (in  place  of  the  groove  a)  by  tamping  in  lead.  This  endangered 
splitting  off  the  top  of  the  stones,  above  the  groove,  and  the  groove 
could  not  be  so  securely  packed  as  to  always  ])revent  water  from  get- 
ting around  the  flashing,  and  thence  down  the  inside  of  the  walls  of  the 
building.    The  new  method  is  much  more  secure  and  is  cheaper. 

Dotvn  spouts. — From  the  roof  gutters  down  to  near  the  water  table 
these  down  spouts  are  5-inch  diameter  pipes,  made  of  2^-pound  sheet 
copper  braced  together.  The  remainder  is  a  cast-iron  pipe  extending 
down  into  the  sewers  under  ground.  Ice  in  these  down  spouts,  so  com- 
mon in  cold  climat^,  has  caused  much  trouble  in  all  the  buildings  pre- 
viously erected.  Snow  melts  in  the  sun  on  the  roof.  The  snow  water 
runs  down  in  the  spouts  on  the  shaded  sides  of  the  buildings  and  freezes 
there  until  the  sjiouts  become  filled  with  ice  up  to  the  gutters.  The 
gutters  then  fill  with  ice,  which  backs  the  water  up  under  the  slating, 
and  it  runs  down  and  freezes  inside  of  the  building.  It  is  nearly  im- 
practicable to  remove  the  ice  before  spring. 

619 
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To  overcome  this  difficulty  I  have  adopted,  after  experimentiDg  and 
Buccessfal  trial,  the  new  arranp:ement  of  the  down  spouts  shown  in  Fig. 
2  on  Plate  II,  and  have  used  this  on  Shop  H.  The  water  is  allowed  to 
fall  from  the  bottom  of  the  spout  a  one  foot  into  the  funnel  below.  It 
lessens  somewhat  the  formation  of  ice  in  the  spout  below,  and  if  the 
spout  is  tilled  the  water  then  runs  over  the  funnel  and  down  the  outside 
of  the  buildinp:,  saves  the  gutters  and  slating,  and  prevents  water  from 
getting  into  the  building.  The  ice  has  not  yet  in  any  case  closed  up 
the  gap  between  the  funnel  and  the  spout  above.  Should  it  do  so  it  <^ui 
be  seen  and  removed. 

The  fire-proof  arches  for  all  the  floors  have  been  put  in  and  the  floors 
laid.  The  first  and  second  floors  are  of  l^inch  oak,  matched  aod 
planed,  and  the  third  floor  of  l^inch  Southern  hard  pine,  also  matched 
and  planed.  The  doors  and  windows  have  all  been  put  in.  The  exte- 
rior area  walls,  steps,  and  platforms  have  been  built  and  completed. 

At  the  close  of  the  year  the  plastering,  painting,  the  basement  floor 
and  the  grading,  the  stone  walks,  and  the  construction  of  the  streets 
and  avenues  around  the  building  were  iu  progress. 

Shop  K. — A  finishing  Stnd  atoclcing  shop  for  the  armory, 

(Plate  I.) 

This  shop  was  commenced  in  July,  1881.  It  is  the  last  of  the  shop« 
embraced  in  the  plans  for  both  the  armory  and  the  arsenal.  The  work 
done  on  it  during  the  ycHr  is  as  follows: 

STONE  WORK. 

TJie  balance  of  the  stone  required  for  the  second  story  (about  one- 
fourth)  has  been  purchased  and  cut,  aud  the  walls  of  this  story  hare 
been  completed.  Nearly  one-half  of  this  story  was  built  in  the  preced- 
ing year.  About  one-half  of  the  stone  for  the  third  story  has  been  par- 
chased,  and  its  cutting  was  in  progress  at  the  close  of  the  year. 

IRON   WORK. 

The  iron  floor  beams  for  the  third  floor  have  been  purchased  and 
fitted  for  the  building  in  the  arsenal  shops.  The  columns  to  support 
this  floor,  with  their  caps  and  bases,  have  also  been  cast  and  fitted  io 
the  arsenal  shops.  (The  purchase  of  the  floor  beams  consumed  nearly 
one-half  of  the  annual  appropriation.) 

Storehouse  A. 

(Plate  I.) 

This  building  was  commenced  in  April,  1883,  and  is  the  first  of  \ht 
storehouses  required  for  the  arsenal  and  armory.  At  the  close  of  the 
preceding  year  the  basement  and  first  stories  only  had  beeu  bailt 
The  work  done  on  the  building  during  the  year  waS  as  follows : 

STONE  WORK. 

During  the  fiscal  year  the  walls  of  the  second  and  third  stories  have 
been  built  and  the  walls  of  the  building  completed.    A  portion  of  the 
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area  walls  aud  the  luassive  retaining  walla  for  the  wagon  ramps  lead- 
ing? to  the  busemeot  have  also  been  bailt. 

ROOF. 

• 

The  same  roof  as  that  for  shop  H,  which  has  already  been  described 
in  this  report,  has  been  put  on  this  storehouse,  except  that  the  iron 
trusses,  which  in  the  shop  roofs  are  placed  10  feet  apart,  are  in  the  store- 
house placed  10  feet  apart,  and  they  and  the  iron  ]>nr]ins  are  made 
more  than  correspondingly  stronger.  This  gives  a  handsomer  roof,  and 
the  arrangement  permits  a  better  disposition  of  the  iron,  so  that  al- 
though the  roof  is  made  about  11  per  cent,  stronger,  it«  cost,  at  the 
same  ])rices  of  labor  and  material,  would  be  about  7^  per  cent.  less. 

During  the  year  the  iron  columns  for  the  second  and  third  floors,  and 
the  floor  timbers  for  these  floors,  were  put  in,  and  the  third  floor  was 
completed.    All  of  the  windows  and  a  portion  of  the  doors  were  put  in. 

At'the  close  of  the  year  the  laying  of  floors,  plastering,  painting,  ex- 
terior granite  platforms,  steps,  the  walks,  grading,  streets,  and  special 
roads  were  in  progress. 

This  building  was  partially  described  m  my  annual  report  for  ^the 
year  ending  June  30, 1883,  and  a  full  description  is  deferred  until  after 
its  final  completion,  which  will  be  about  November  1. 

REPAIRS   OP   BUILDINGS,  IMPROVEMENT  OP  GROUNDS,  AND  GENERAL 

OARE  AND  PRESERVATION. 

(Plate  111.) 

In  consequence  of  the  totally  insuflicient  appropriation  uuder  this 
head,  it  was  absolutely  necessary  that  nearly  all  of  it  should  be  ex- 
pended in  the  care  and  preservation  of  buildings,  the  water-power, 
shores  of  the  island,  and  the  bridges.  Much  necessary  work  under 
this  head  had  to  be  left  undone,  especially  the  repainting  of  buildings, 
for  their  preservation,  and  repairs  of  railroads,  and  no  progress  of  im- 
portance could  be  made  in  the  way  of  carrying  on  needful  improve- 
ments of  grounds,  roads,  &c. 

The  only  considerable  separate  items  of  work  done  under  this  head 
are  the  following: 

The  (construction  of  830  feet  of  new  sewer  to  discharge  the  sewage 
from  the  barracks  and  other  buildings  on  East  avenue  into  the  river 
at  a  point  below  the  pump-house.  The  excavation  for  this  sewer  had 
to  be  blasted  through  rock. 

The  construction  of  a  strong  gutter  and  sidewalk  along  the  south 
side  of  Main  avenue  from  We-st  avenue  to  the  west  end  of  the  island — 
nearly  one  mile.  The  work  was  done  mainly  by  enlisted  men,  and  was 
necessary,  in  connection  with  some  ditching  and  draining,  to  complete 
the  avenue  and  save  its  bank  from  washing. 

The  laying  of  a  new  4-inch  oak  floor  on  the  Kock  Island  wagon 
bridge.  The  old  floor  was  entirely  worn  out  and  had  become  unsafe. 
The  main  floor  beams  of  this  bridge  are  wood,  are  decayed,  and  should 
be  replaced]  by  iron  beams.  The  joists  are  also  much  decayed,  and 
should  be  renewed. 

The  construction  of  a  10,000-gallon  iron  tank  under  the  roof  peak  of 
shop  C,  with  the  necessary  pumps,  pipes,  water-gates,  and  hose,  for 
the  better  interior  Are  protection  of  this  building  and  shop  E  (see 
Plate  III  transmitted  herewith).    The  tank  is  filled  from  the  water-main 
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by  a  small  pump,  P,  in  the  machine-shop.  There  are  five  100-foot  lengths 
of  linen  hose  on  each  of  the  fonr  floors,  each  supplied  with  the  proper 
water-gate,  so  that  in  a  few  seconds  a  stream  of  water  can  be  turned  on 
to  any  part  of  each  floor.  This  is  the  plan  for  the  better  interior  fire 
protection  of  each  shop,  when  in  use,  mentioned  and  partially  described 
in  my  annual  report  of  1881. 

It  was  hoped  that,  in  consequence  of  efiTorts  and  representations  made 
last  year,  a  more  suitable  appropriation  under  this  head  would  be  made 
by  Congress  at  its  last  sessioii.  1  quote  here  some  remarks  made  in  my 
last  annual  report  on  this  subject : 

I  feel  it  my  dnty  to  invito  the  attention  of  the  Chief  of  Ordnance  to  the  fact  that 
the  appropriation  allowed  for  this  class  of  work  for  several  years  past  has  been  macb 
less  than  it  ought  to  be.  The  utmost  that  is  possible  has  been  done  to  ecouomia. 
It  is  nearly  impossible  that  some  improvement  of  gronuds  shonld  not  be  carried  od 
in  connection  with  the  constraction  of  buildings,  in  order  to  utilize  the  materiik 
excavated,  finish  grounds  around  the  buildingSj  and  furnish  needed  improvemeota 
for  use  in  carrying  on  other  work  Besides  this,  the  buildings,  roads,  and  other  Im- 
provements are  now  of  such  magnitude  that  they  require  fully  ten  times  as  much  for 
their  proper  can*  and  preservation  as  they  did  thirteen  years  ago,  at  which  time  the 
appropriation  for  this  work  was  double  that  which  has  been  allowed  in  the  past  fev 
years. 

I  know  of  no  better  method  of  exhibiting  this  than  by  comparison.  The  ext«ntof 
the  work  that  ought  to  be  done  to  ket^p  in  good  order  and  repair  streets,  aveoQ», 
grounds*  large  bridges,  shores  of  the  island,  railroads,  gutters,  walks,  sewers,  water- 
workH^  and  the  dams  and  gates  and  other  constructions  pertaining  to  the,  water- 
power  is  equal  to  the  work  of  a  similar  kind  done  in  a  city  of  10,000  inhabitants. 

In  addition  to  this,  the  buildings  and  other  constructions,  taken  care  of  by  private 
ownei-s  in  a  city,  must  be  kept  in  repair.  I  estimate  that  $9,000  ought  to  be  expended 
in  the  coming  year  in  repainting  buildings  and  bridges  alone,  for  their  proper  pre«r- 
vation.  . 

WATEB-FOWER  POOL. 

(Plate  IV.) 

I  regret  to  state  that  the  small  amount  of  work  remaining  unfinished 
in  the  water  power  pool,  for  which  appropriation  was  made  by  Congress 
in  the  sundry  civil  act  approved  March  3, 1881,  could  not  be  completed 
last  fall,  in  consequence  of  a  sudden  rise  in  the  river. 

The  river  had  fallen  to  so  low  a  stage  (2^-  feet)  on  August  25, 18Si 
as  to  make  the  work  practicable,  and  the  work  of  putting  in  cofferdams 
was  commenced  on  that  date.  The  dams  were  completed,  the  pool 
drained,  the  necessary  boats,  derricks,  pumps,  tramways,  and  other 
appliances  were  put  in  order  and  in  position,  the  necessary  roads  were 
completed,  and  the  work  of  blasting  and  hauling  out  rock  was  com- 
menced on  September  7,  and  was  continued  until  September  19,  when 
the  river  rose  suddenly  about  4  feet,  and  a  rise  of  9  feet  was  reported 
to  be  coming  down  the  river.  The  property  was  then  secured,  the  dam." 
cut,  and  the  work  abandoned.  The  highest  stage  (11 A  teet)  was  reached 
on  the  28th  of  September.  The  work  is  impracticable  at  a  higher  stage 
than  6  feet,  and  risk  and  increased  cost  commcnices  at  a  stage  of  4  feer. 

About  4,000  cubic  yards  of  rock  were  taken  out  between  September 
9  and  10,  and  sufficient  exijeriments  were  miule  during  the  low  water 
to  demonstrate  the  practicability  of  washing  out  deposits  in  the  ixwl 
through  the  water- ways  constructed  therefor  in  the  Benham's  Island 
Dam.  No  measurements  of  the  amount  washed  out  were  made,  but 
from  observation  of  the  eft'ects  on  the  bars  1  think  not  less  than  l6,(HK» 
cubic  yards  were  washed  out.  I  made  and  operated  a  cheap  roogb 
"digger'' for  digging  up  deposits  where  sufficient  current  for  cuttinir 
away  the  bars  could  not  be  obtained.  I  am  satisfied  some  machine  ^"i 
the  kind  will  be  required,  and  the  experiments  were  carried  far  euoagh 
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to  demonstrate  its  economy  and  to  furnish  information  for  making  plans 
for  the  machine.  The  device  was  made  and  tried,  and  is  shown  on 
Plate  IV. 

The  wooden  shaft  A  is  supplied  with  hook-shaped  steel  teeth  a  a  a^ 
arranged  on  spiral  lines.  This  shaft  was  revolved  by  a  portable  hoist- 
ing engine  (on  hand),  placed  on  a  mud  scow  (on  hand).  The  timber 
arms  B,  hinged  at  ft,  and  the  tackle  0,  provided  for  raising  and  lower- 
ing the  digger  and  keeping  it  at  the  required  height  against  the  edge 
of  the  bar.  I  had  no  means  of  moving  the  scow  in  the  strong  current 
except  with  poles  and  ropes.  The  experience  gained  showed  that  a 
small  steamboat,  to  cost  about  $1,800,  will  be  required  for  this  purpose. 

ORDNANCE  AND  ORDNANCE  STORES. 

In  Appendix  G  (Plate  V)  is  given  a  description  and  full  detail  report 
of  the  manufacture  of  silver  marksman's  pins  and  sharpshootei^s  badges. 
This  work  was  commenced  at  this  arsenal  during  the  year. 

Five  thousand  of  the  marksman's  pins  and  two  thousand  of  the  sharp* 
shooter's  badges  were  manufactured. 

In  Appendix  D  (Plates  VI,  VII,  VIII)  is  given  a  description  and  full 
detail  report  of  the  manufacture  of  steel  skirmish  targets,  skirmish 
target  cloths,  and  skirmish  paper  targets. 

This  work  was  commenced  at  the  arsenal  during  the  year. 

Six  thousand  skirmish  targets,  nine  thousand  skirmish  target  cloths, 
and  sixty -three  thousand  eight  hundred  and  eighty-one  skirmish  paper 
targets  were  manufactured. 

These  reports  are  intended  to  give  full  detail  information  or  instruc- 
tion for  the  fabrication  of  these  articles,  and  include  bills  of  material 
and  cost. 

A  similar  description  of  the  new  rolling  target  and  new  Brinton 
target,  prepared  at  this  arsenal,  was  sent  to  the  Chief  of  Ordnance 
October  9, 1884. 

I  invite  attention  to  Capt.  A.  L.  Varney's  report  (Appendix  A)  on 
the  manufacture  of  the  Elliott  Intrenching  Tool. 

I  would  state,  as  a  matter  of  interest,  that  84,640  pounds  of  paper — 
three  car-loads — have  been  consumed  at  this  arsenal  during  the  year 
in  printing  targets  for  the  Army. 

Respectfully  submitted.' 

D.  W-.  FLAGLER, 
Lieutenant'Colonel  of  Ordnance^  Commanding.  • 

To  the  Chief  of  Ordnance, 

17.  S.  Armyj  Washington,  /).  C 

Rock  Island  Arsenal,  III.,  October  3, 1885. 


Appendix  A. 

REPORT  ON  THE  FABRICATION  OF  THE  ELLIOTT  INTRENOBINO  TOOLS, 

Rock  Island  Absenal,  III., 

February  14,  1885. 
Lient.  Col.  D.  W.  Flaoler, 

Ordnance  Department,  Commanding  Rock  Island  Arsenal: 

Sir  :  I  have  the  honor  to  report  the  completion  to-day  of  the  Elliott  Intrenohine 
Tools  made  nnder  my  snpervision  in  obedience  to  your  fabrication  ordeAi  Nob.  206  ana 
155,  dated  June  30,  1884,  and  December  2,  1884,  re«pectiyely. 

These  tools,  invented  by  First  Lieutenant  G.  F.  Elliott,  United  States  Marine  Corps, 
and  patented  by  him  September  25,  1883  (No.  285594)  are  of  two  kinds.    One,  adapted 
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for  use  either  as  hoe  or  spade,  is  designated  in  the  authority  for  their  mannfactare  as 
an  '*  Intrenching  implement  for  infantry.*'  The  other,  a  comhination  hoe,  shoTel, 
pick,  and  crowbar,  is  simply  called  an  ''Intrenching  implement." 

The  inventor  designates  the  latter  as  ''Spade  A^'  and  the  former  as  "Spade  B.'' 
The  finished  sample  of  "  Spade  A'*  and  the  wooden  model  of  **  Spade  B,"  submitted  as 

fuide  in  manufacture,  have  been  followed,  except  in  the  case  of  certain  authorized 
eviations. 

By  your  direction,  tough  second-growth  hickory,  steamed  and  bent,  has  beenrab- 
stituted  for  handles  instead  of  the  weak  sawed  ash  of  the  sample.  Certain  other 
changes  were  made  by  authority  of  the  Chief  of  Ordnance,  at  the  request  of  Lien- 
tenant  Blliott.  See  indorsement  by  Chief  of  Ordnance  of  September  12  upon  Lieuten- 
ant Elliott's  application  to  be  ordered  to  this  arsenal.  See  also  Lieutenant  Elliott's 
letters  (and  inclosures)  dated  June  29,  1884,  July  3. 1884,  July  29, 1884,  and  (two)  Sep- 
tember 25,  1884,  all  of  which  are  returned  herewith. 

Great  pains  have  been  taken  to  have  the  work  done  well  and  with  the  least  prac- 
ticable deviation  from  the  models  and  the  expressed  wishes  of  the  inventor.  All  the 
handles  and  spades  of  the  B  pattern  have  been  made  interchangeable,  as  also  the  picks, 
handles,  and  spade  bla<les  of  the  A  pattern. 

The  spade  blades  and  handle  straps  of  the  B  pattern  have  been  browned  by  immer- 
sion in  fuzed  niter ;  a  process  introduced  at  Watervliet  Arsenal  in  1881,  at  the  surges* 
tion  of  Captain  Clifford. 

The  handles  of  both  A  and  B  tools  have  been  finished  with  oil  and  aheUac.  AH 
metal  parts  of  both  tools,  except  the  sheet  steel  used  in  the  ''A"  pattern,  have  been 
forged  from  the  best  quality  of  tool  steel.  Owing  to  the  nature  of  this  material,  and 
the  necessity  for  accurate  workmanship,  these  implements  will  be  expenslTe  under 
the  most  favorable  circumstances.  This  small  lot  has  been  particularly  ao,  owing  to 
the  lack  of  special  tools  and  appliances,  and  the  consequent  necessity  of  employing 
hand  labor  upon  much  of  th«^  work  that  might  otherwise  have  been  more  economi^ij 
done  by  machinery.    This  is  true  both  of  the  forging  and  the  finishing. 

COST. 

Implements  A. 

Labor 1 $465  » 

Tools 54  06 

General  expenses 6988 

MATERIALS. 

369  pounds  tool  steel,  hard,  at  10  cents  per  pound 36  90 

84  pounds  sheet  steel,  at  9  cents  per  pound 7  56 

5  yards  No.  12  iron  chain,  at  5  cents  per  yard 25 

WOOD  SHOP. 

Labor  on  patterns 7  11 

Labor  on  handles 28  50 

100  feet  hickory  plank  for  handles 4  50 

Total  cost  of  30  Implements  "A" 674  65 

•  - 

Cost  per  piece,  $22.  48t"A. 

Implements  B. 

Labor 387  8a 

Tools 28  14 

General  expenses. 58  18 

MATERIALS. 

87  pounds  tool  steel,  hard,  at  10  cents  per  pound 8  70 

541  pounds  tool  steel,  hard,  at  11  cents  per  pound 59  51 

26  pounds  niter,  at  10  cents  per  pound 2  50 

4  emery  wheels 4  20 

WOOD  SHOP. 

Labor  on  patterns - 7  11 

Labor  on  handles 28  50 

100  feet  hickory  plank  for  handles .' 4  50 

Total  cost  of  30  implements  "B". 589  22 

Cost  per  piece,  $19.64/;. 
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Of  the  material  pnrobased  for  these  tools  and  charged  into  the  cost  there  remain 
on  hand  abont  160  pounds  tool  steel  in  bars  1.675  by  3.75  inches;  50  pounds  tool  steel 
in  bars  1.25  by  2.50  inches;  20  pounds  sheet  steel  No.  16;  100  pounds  scrap  firom  all 
kinds  of  steel  used. 

The  "transporting  harness,"  or  "skeleton  leather  baf;s/'  30  of  each  (Figures , 

Plate  I),  were  made  of  6  to  ti  ounce  collar  leather,  and  in  conformitv  to  the  draw- 
ing and  specification  submitted  with  letter  of  September  19,  1884,  reterred  to  in  the 
foregoing. 

COST. 

Transporting  Bags  for  Implements  A. 

Labor $56  32i 

General  expenses 14  10 

MATERIALS. 

118    square  feet  collar  leather,  7  to  6  onnoe,  at  18^  cents  per  square  foot....    21  5:)^ 

6i  ounces  shoe  thread,  dark  blue,  at  98  cents  per  pound 40 

3    balls  black  waXy  at  50  cents  per  100 2 

30    brass  end  hooks,  at  2^fff  cents  each 70^ 

30    iron  roller  buckles,  japanned,  li  inch,  at  89  cents  gross 18 

30    iron  roller  buckles,  japanned,  1  inch,  at  71  cents  gross 15 

30    iron  roller  buckles,  japanned,  f  inch,  at  80  cents  gross 17 

H  pounds  brass  rivets  and  burs,  |  inch.  No.  12,  at  2;^  cents  per  pound 28 

5^  ounces  escutcheon  pins  and  burs,  f  inch,  No.  13,  at  30  cents  per  pound..  10 

Total  cost  of  80  transporting  bags  for  Implement  A 93  96^ 

Cost  per  piece,  $3.13. 

Transporting  Bags  for  Implements  B. 

Labor I $56  32i 

General  expenses 14  10 

MATERIALS. 

97    square  feet  collar  leather,  7  to  8  ounce,  at  18^^  cents  per  square  foot 17  70j 

I  pound  shoe  thread,  dark  blue,  No.  3,  at  98  cents  per  pound 37 

3    balls  black  wax,  at  56  cents  per  100 2 

30    brass  end  hooks,  at  2-j^  cents  each 70i 

30    iron  roller  buckles,  japanned,  H  inch,  at  88  cents  per  gross 18 

30    iron  roller  buckles,  japanned,  1  inch,  at  71  cents  per  gross 15 

30    iron  ^'sensible''  buckles,  japanned,  f  inch,  at  80  cents  per  gross 17 

H  pounds  brass  rivets. and  bars,  |  inch,  No.  12,  at  23|  cents  per  pound 28 

5^  ounces  escutcheon  pins  and  burs,  at  30  cents  per  pound 10 

Total  cost  of  30  transporting  bags  for  Implement  B 90  10^ 

Cost  per  piece,  $3.03. 

With  a  considerable  outlay  in  tools  and  machines  the  cost  of  the  ''A"  pattern 
could  probably  be  reduced  in  future  manufactures  to  about  $5  each,  if  ordered  in 
large  lots.    The  '^  B ''  pattern  would  cost  about  $4. 

If  modified  in  design,  so  as  to  permit  less  accurat-e  workmanship  and  the  use  of  less 
expensive  material,  the  cost  might  be  still  further  reduced. 

Very  respectfully,  your  obedient  servant, 

A.  L.  VARNEY, 

Captain  of  Ordnance. 

Respectfully  submitted  to  the  Chief  of  Ordnance,  U.S.A.,  Washington,  D.  C. 

D.  W.  FLAGLER, 

Lt.  Col,  of  Ordnance, 

4625  ORD 40 
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Appendix  B. 

ABSTRACT  OF  RECORD  KEPT  AT  THE  ROOK  ISLAXD  BRIDGE  DURIHQ  THE  TEAR 

PASSING  NORTH. 

Engines  with  trains 7,463 

Engines  without  trains 594 

Total  engines 8,057 

Passenger  cars 12,531 

Freight  cars  10S,S19 

Foot  passengers 290,124 

Teams 1h4,355 

Steamboats,  up 1/2U3 

Barges,  up 103 

PASSING  SOUTH. 

Engines  with  trains 7,522 

Engines  without  trains 644 

Total  engines 6,166 

Passenger  cars 12,504 

Freight  cars 111,070 

Foot  passengers S96,037 

Teams 186.®0 

Steamboats,  down 1,217 

Barges,  down 102 

Rafts,  down 912 

D.  W.  FLAGLER, 
Xt.  CoJ,  of  Ordminee,  Commanding. 


Appendix  0. 

J^EPORT    OK   THE   FABRIOATION   OF   MARKSMAN'S  PINS   AND    SHABPSHOOTEES 

BADGES  (SILVER)  AT  ROOK  ISLAND  ARSENAL. 

(Plate  V.) 

Rock  Island  Arsenal,  Illinois, 

September  1,  1865. 

To  the  Cbiep  of  Ordnance, 

27.  S.  Armjff  Waskingionf  D.  C: 

General:  In  March,  18d4, 1  received  instructions  from  the  Chief  of  Ordnance  to 
get  up  and  submit  to  aim  designs  for  a  marksman's  pin  an4  a  sharpshooter's  cross. 
Pencil  sketches  were  inclosed  to  indicate  what  was  required.  Many  designs  wnt 
made  and  submitted,  and  Anally,  in  May,  1884,  models  were  approred  and  adopted. 
The  cross  was  somewhat  similar  to  the  pendant  of  the  present  model  of  the  shsrp- 
shooter's  badge,  and  the  pin  was  somewhat  similar  to  the  present  model  of  the  marb- 
man's  pin.  Both  were  provided  with  brooch  pins  for  attachment  to  the  weare/i 
coat. 

Two  thousand  five  hundred  of  the  marksman's  pins  and  1,000  of  the  crosses  wen 
manufactured  and  issued  to  the  Army.  These  were  cast  from  statuary  bronze^  as^ 
finished  on  the  polishing  wheel,  with  a  file  and  emery  paper,  and  bnmiahed. 

In  the  fall  of  1884  I  was  informed  by  the  Chief  of  Ordnance  that  these  badges 
were  not  satisfactory,  and  requested  to  submit  handsomer  designs.  It  was  thoo^ht 
that  if  the  expense  would  not  be  too  great  they  might  be  made  of  silver.  Many  de- 
signs were  made  and  submitted,  until  finally  the  present  models  were  approved  sod 
adopted.  These  are  now  so  well  known  that  they  need  little  description.  They  ue 
made  of  sterling  silver.  The  pin  is  similar  to  the  old  one,  except  that  the  form  was 
altered,  the  scroll  work  removed,  and  the  representations  of  targets  were  added. 


REPORT  OF  THE  CHIEF  OF  ORDNANCE.         627 

For  the  badge  a  brooch,  bearing  the  word  "  Sharpshooter/'  was  adopted  for  attach- 
ment to  the  wearer,  and  to  this  a  cross  somewhat  similar  to  the  old  one  is  hang  as  a 
pendant. 

FABRICATION. 

As  this  work  is  new,  and  no  workmen  acquainted  with  it  were  available,  many  ex- 
periments and  mnch  tedioas  labor  and  study  were  required  to  bring  it  to  perfection. 
1  am  much  indebted  for  assistance  to  Mr.  J.  Drayton,  master  machinist,  Mr.  H.  Shank, 
foreman  of  machine  shop,  and  Mr.  R.  C.  Munson,  foreman  of  metallic  equipment  work. 

I  had  supposed  that  the  engraved  pieces  could  be  stamped  oat  with  dies  in  same 
manner  that  coin  is  stamped.  But  it  was  found  that  a  suitable  press,  dies,  and  tools 
for  this  method  could  not  be  produced  for  less  than  about  94,000,  and  this  method  had 
to  be  abandoned. 

The  method  finally  adopted  is  that  of  placing  the  silver  on  a  die  and  passing  both 
die  and  silver  between  rolls.  This  method  is  employed  in  the  manufacture  of  Jew- 
elry, where  only  irregular  ornamentation  is  required,  and  for  such  work  it  presents 
little  difficulty.  But  our  work  consisted  of  regular  forms,  letters,  and  lines.  The 
slightest  variation  from  the  required  form  could  be  readily  detected  by  the  eye.  In 
rolling,  the  metal  is  pressed  up  against  the  die  forms  on  one  side  and  drawn  away 
from  them  on  the  other.  Allowance  had  to  be  made  for  this  in  cutting  the  dies,  and 
as  everything  in  regard  to  the  work  was  new,  it  involved  many  delays  and  tediona 
experiments. 

Manufacture  of  dies, — I  believe  a  female  die  of  the  required  form  cannot  be  cot.  The 
method  employed  was  as  follows :  A  male  die  of  the  required  form  was  first  out.  This 
was  then  eunk  in  another  piece  of  steel,  to  make  the  female  die.  The  latter  was  first 
carefully  annealed,  and  a  pit  one-sixteenth  inch  deep  was  out  in  the  surface  of  the 
steel  where  the  female  die  was  to  be  sank.  This  pit  had  the  same  outline  as  the  male 
die,  and  was  to  keep  the  male  die  from  slipping  when  struck.  The  male  die  was  then 
set  in  the  pit,  and  struck  five  or  six  careful  blows  by  hand  with  a  heavy  sledge  ham- 
mer. The  steel  had  then  to  be  reannealed,  and  the  process  repeated  from  four  to  seven 
tiroes,  until  a  perfect  die  was  obtained.  The  surface  of  the  steel  in  which  the  female 
die  had  been  sunk  was  then  planed  down  till  the  depth  of  the  pit  was  planed  off,  and 
till  exactly  the  required  depth  of  die  was  left. 

In  striking  the  male  die  it  is  sunk  unevenly  |  one  edge  or  end  is  driven  down  more 
than  another.  This  must  be^correcred  in  planing  off,  so  as  to  leave  an  even  depth  of 
female  die  throughout.  The  best  method  of  doing  this  is  to  make  a  gau^e.  First 
sink  a  piece  of  soft  metal  (lead  and  antimony  answer  well)  in  the  female  die.  Then 
take  it  ont  and  dress  down  it«  back  till  the  exact  level  required  for  the  face  of  the 
female  die  is  obtained.  Then  put  it  back  and  dress  down  the  face  of  the  female  die 
to  this  level. 

The  female  die  was  then  tempered,  its  face  ground  and  polished,  and  was  ready  for 
use.  The  above  method  is  probably  the  only  practicable  one  for  making  these  dies. 
It  also  enabled  me  to  make  several  dies  fh>m  one  costly  out  die. 

Bolting, — A  piece  of  silver  of  the  required  dimensions  was  then  placed  on  the  die,  and 
both  die  and  silver  passed  between  the  rolls  (Plate  Y ).  The  die  rolU  were  devised  and 
made  at  the  arsenal.  They  are  shown  on  Plate  V.  The  rolls  R  R  are  made  of  tool 
steel,  highly  tempered,  and  then  carefully  and  accurately  ground  and  polished.  They 
have  such  large  jonrnals  and  such  hardness  and  stiffness  as  to  prevent  any  percepti- 
ble compression  or  spring  during  the  rolling.  The  compresses  C  C  permit  the  setting 
of  the  rolls  to  the  required  fine  flange. 

The  following  is  a  brief  description  of  all  the  operations  of  manufacture,  with  bills 
of  materials,  cost,  and  cost  of  labor : 

The  sheet  silver  is  received  at  the  arsensal  subject  to  the  following  rules  of  inspec- 
tion, vise :  Sheets  to  be  rolled  to  an  even  thickness  to  fifty-eight  thousandths  of  an  inch; 
edges  of  sheet  to  be  cut  straight  and  parallel.  Size  of  sheet  best  suited  for  use  24  inches 
long  by  Sincheft  wide.  Silver  must  assay  92i  per  eent.  fine.  (Assays  of  silver  have 
been  kindly  made  for  me  by  the  superintendent  of  the  United  States  mint  at  Philadel- 
phia, Pa.) 

Sterling-silver  wire  for  making  the  three  rings  by  which  the  pendant  cross  is  hung 
to  the  sharttshooter  pin  (or  broach),  and  the  sterling-silver  pin-tongue  hinges  and 
catches  for  both  pins,  are  purchased,  assayed,  and  inspected  in  the  same  manner.  The 
pin  tongues  and  wire  for  making  the  piu-tongue  rivets,  are  of  German  silver,  that  they 
may  have  the  necessary  strength  and  hardness. 

After  inspection  Hie  silver  is  stored  in  the  office  safe  and  issued  in  lots  daily  as  re- 
qnired. 

FWet  operation. — The  sheets  are  cnt  into  strips  2^  inches  wide  for  marksman's  pins, 
1^^  inches  wide  for  sharpshooter's  badge  pins,  and  in  pieces  1^  inch  by  1^  inch  for  the 
liadge  crosses. 

Second  operation, — Stamping  the  engraved  surfaces  of  pins  and  cross:  This  is  done 
in  dies  between  the  die  rolls  (Plate  v ).    The  operator  piaces  the  stsip  or  piece  of  sil- 
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yer  on  the  die  and  passes  both  silver  and  die  between  the  rolls.  In  rolling  the  pins 
the  strip  of  silver  is  rolled  or  drawn  out  about  one-eighth  of  its  original  length.  The 
stamped  piece  is  partly  cnt  off  by  the  die  in  rolling,  and  is  then  broken  off  with 
a  pair  of  pincers.  The  end  is  then  trimmed  to  shape  for  the  next  piece  with  a  spring 
cutter.    One  operator  stamps  725  pieces  in  eight  hours. 

Third  averation, — The  stamped  pieces  come  from  the  rolls  slightly  carved.  They 
are  straightened  by  placing  tne  face  of  the  stamped  silver  on  a  smooth  plate  of  steel 
and  passing  both  between  the  same  rolls. 

Fourth  and  fifth  operaUoM, — Milling  and  trimming  the  ends  and  sides :  One  pin  is 
clamped  in  an  iron  die  which  was  stamped  from  the  same  male  die  that  made  the  fe- 
male die  in  which  the  silver  piece  was  stamped.  This  iron  die  is  then  placed  in  a 
milling  machine,  and  the  ends  of  the  silver  piece  are  milled  to  shape  with  one  eat. 
The  iron  die  is  for  adjusting  the  silver  piece  in  the  mill  with  reference  to  its  engraved 
face.  T^  elve  pieces  are  then  placed  in  a  holder  which  fits  the  milled  ends,  and  the 
sides  of  the  whole  twelve  pieces  are  milled  off  at  once.  The  crosses  are  not  milled. 
They  are  trimmedoff  with  blank  puuch  and  die  in  a  press,  the  face  of  thci  punch  beiug 
sunk  to  receive  the  en^aved  face  of  the  cross  and  center  it. 

Sixth  operation. — Polishing :  The  pins  and  crosses  are  placed  in  wooden  holders,  and 
faces  and  edges  ground  on  an  emery  wheel  provided  with  a  tin  hood  to  catch  the 
silver  dust. 

Seventh  operation. — Making  the  silver  rings  for  hanging  the  croes  of  the  badge. 
Enou^  silver  wire  is  wound  on  a  mandrel  to  make  about  100  rings,  and  then  cut  with 
a  fine  saw  on  a  milling  machine. 

Eighth  operation. — Brazing  on  joints  and  catches :  The  silver  solder  is  cnt  into  pieees 
about  one  sixty-fonrth  inch  s(]uare.  The  ioint  or  catch  is  placed  on  the  back  of  the 
pin  and  held  in  place  by  spring  plyers  which  locate  the  joint  or  catch.  A  piece  of 
solder  is  put  on,  moistened  with  borax  water  for  a  flux,  and  the  brazing  completed  in 
a  blowpipe  flame.  The  melting  point  of  suitable  silver  solder  is  not  much  below  that 
of  the  silver,  and  great  care  is  required  to  avoid  melting  the  silver.  The  pieces  are 
held  to  the  flame  with  long  spring-steel  plyers  or  on  a  sheet  of  asbestos.  The  silrer 
rings  for  hanging  the  cross  to  the  badge  pin  are  brazed  in  the  same  manner  as  aboTe. 

Ninth  operation. — Filing  and  polishing :  The  pins  and  cross  are  filed  on  the  £ace  aad 
edge  and  then  polished  with  a  pine  stick  covered  with  French  emery  paper. 

Tenth  operation. — Dipping :  The  silver  pieces  are  buried  in  white  sand  in  a  sheet  iron 
pan  ;  heated  to  a  dull  red  color  over  a  gas  flame ;  then  quickly  removed  and  dipped 
in  a  sulphuric  acid  and  water  bath,  temperature  200^  F.  (acid  1,  water  9);  and  then 
thorougnly  washed  with  a  brush  in  oastile-soap  water,  and  dried  in  hot,  dry,  hard- 
wood sawdust.  If  this  operation  is  successful,  the  silver,  when  bmshed  off^  will  be 
snow  white. 

Eleventh  operation. — Riveting  in  pin  tongues:  Ihe  pin  tongue  is  placed  in  the  Joint, 
a  piece  of  rivet  wire  is  forced  into  place  with  a  special  pincers  devised  for  the  pur- 
pose, and  then  both  ends  are  riveted  down  with  special  pincers  devised  for  the  par- 
pose.    The  catch  is  then  opened  and  the  pin  tongue  set  to  give  the  required  spring. 

Twelfth  operation. — Burnishing:  The  pins  and  ci-oss  are  placed  in  a  wooden  holder, 
face  upwards,  covered  with  castile  soap  suds,  and  all  the  parts  in  relief  are  bar- 
nished  with  a  flat  steel  burnisher,  the  latter  being  kept  bright  by  frequent  polishing 
on  leather  rubbed  over  with  oxide  of  tin. 

In  all  the  operations,  pieces  of  silver  are  counted  and  weighed  out  to  the  operatives, 
and  the  pieces  returned  are  counted,  and  pieces  and  scrap  and  millings  and  filings 
returned  are  all  weighed,  to  ascertain  if  there  has  been  any  loss.  The  total  loss  is 
about  one  eleven-hundredth  part  of  the  weight.  The  scrap,  millings,  and  filings  are 
returned  to  the  contractor,  to  be  reconverted  into  sheet  silver. 

Packing. — The  pins  and  crosses  are  packed,  each  one  separatelv,  in  pink  wool,  in  a 
suitable  pasteboard  box  properly  labeled,  and  these  boxes  are  then  packed  in  large 
pasteboard  boxes  for  shipment,  fifty  marksman  pins  in  one  box  and  twenty-five  badges 
in  one  box. 

Bill  of  materials  for  and  cost  of  100  sharpshooter^  s  btidges. 

29.46  ounces  sheet  silver,  at  fl. 07 |31  52 

0.067  ounce  loss,  at  ^1.07 07 

1.43  ounces  silver  wire,  at  $1.20 1  71 

0.12  ounce  silver  solder,at  $0.95 U 

0.20  ounce  German  silver  wire,  at  $0.04 01 

104  pin  tongues,  silvered.  If 36 

104  silver  joints,  iV' 1  H 

104  No.  1  silver  ring  catches 1  47 

Beworking  and  converting  into  sheet  40.36  ounces  of  scrap,  millings,  and 

filings,  at  $0.07 2  i^ 

0.16  pound  pink  cotton,  at  $0.75 1 12 

100  labels,  small 05 
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4  labels,  large |0  02 

100  pacKlnff-bozes,  small 1  21 

4  packing-boxes,  large 24 

Alcohol,  acid,  soap,  &e 26 

Tools 80 

Labor  manufacturing 15  99 

Oeneral  expenses i, 3  20 

Total 61  08 

Cost  per  badge,  61tV  cents. 

Piece  price  recommended,  75  cents. 

Bill  of  maieriaUfor  and  cost  of  100  marksman* 8  pins. 

21.4  ounces  sheet  silver,  at  $1.07 |22  90 

0.3  ounce  silver  lost,  at  $1.07 03 

105  German  silver  pin  tongues  (silvered),  2'' 37 

105  No.  2  silver  ring  catches • 1  86 

105  ^inch  silver  joints 1  50 

0.1  ounce  silver  solder,  at  $0.95 09^ 

0.24  ounce  German  silver  rivet  wire 02 

Reworking  and  converting  into  sheet  silver  9  ounces  scrap,  millings,  and 

filings,  at  $0.07 63 

Alcohol,  acid,  soap,  &c 06 

0.1  pink  cotton 08 

100  packinff-boxes,  small ' 1  11 

2  packing-boxes,  large 12 

100  labels,  small 07 

2  labels,  large 01 

Labor  manufacturing  and  packing 8  01 

General  expenses i ^ 1  60 

Tools 40 

Total 38  88i 

Cost  per  pin,  39  cents. 
Piece  price  recommended,  50  cents. 

The  tools  and  appointments  on  hand  are  sufficient  for  the  manufacture  of  300  sharp- 
shooter  badges  per  day,  500  marksman  pins  per  day. 

Respectfully  submitted. 

D.  W.  FLAGLER, 
LioutenanUColonel  of  Ordnance,  Commanding, 


Appendix  D. 


REPORT  ON   THE  FABRICATION  OF  SKIRMISH    TARGETS,  TARGET  CLOTHS,  AND 

SKIRMISH  PAPER  TARGETS,  D,  E,  AND  F, 

Rock  Island  Arsenal,  Illinois, 

Sepiembar  21,  1885. 
To  the  Chief  of  Ordnance, 

U,  S.  Army,  Washington,  D,  C.  : 

Gei^bral:  On  March  29  and  June  26,  1885,  I  received  instructions  from  the  Chief 
of  Ordnance  to  manufacture  6,000  metal  skirmish  targets  of  the  forms  shown  on  Plate 
XVU,  of  Captain  Blunt's  **  Rifle  and  Carbine  Firing. ^^  It  was  thought  that  the  frames 
should  be  made  of  iron  bar,  and  that  possibly  bar  of  wedge-shaped  oroM-section  could 
be  used  advantageously. 

Cotton  cloths  of  the  same  shapes  as  the  metal  frames  were  required  for  covering 
the  frames,  and  it  was  required  that  some  suitable  method  should  be  devised  for 
attaching  these  cloths  to  the  frames;  also,  black  paper  targets  or  silhouettes  were  re- 
quired of  the  same  shape  as  the  frames,  to  be  pasted  to  the  uurget  cloths. 

Many  experiments  were  made  to  determine  the  best  metal  and  form  of  same  for 
the  target  frames.  These  finally  determined  the  adoption  of  steel  bar  of  the  cross^ 
section  shown  in  Fig.  2,  Plate  Yl.  The  following  extract  is  taken  from  my  partial 
report  of  May  4, 1885.  The  experimental  firings  were  made  by  Captains  Butler  and 
Vamey,  Ordiiance  Department. 
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"  I  inclose  herewith  a  drawing  showing  the  effect  of  experimental  firing  to  deter- 
mine the  dimensions,  shape,  ana  metal  required  for  the  frames. 

"  The  results  of  the  firing  seemed  to  show,  first,  that  iron  of  no  form  or  reasonable 
weight  will  answer.  Ballets  striking  a  sharp  edge  of  iron  dented  and  injnrad  the  bar 
as  much  or  more  than  those  striking  a  square  edge  (see  drawing). 

**  Second.  The  elastic  limit  against  bending  of  iron  being  low,  the  iron  ban  were 
bent  badly  in  the  direction  of  the  bnllet^s  flii^ht. 

Third.  The  steel  bar  suffered  none  of  the  above  bad  effects.  A  ballet  striking  falrlj 
on  a  sharp  edge  was  split,  without  marring  the  steel.  The  elasticity  of  the  steel  pre- 
vents its  bending.  I  think  the  sharp  or  wedge-shape  edge  for  the  steel  desirable  in 
all  respects.  It  so  disposes  the  metal  as  to  increase  the  beam  strength.  It  redaces 
the  liability  of  hits,  and  if  hit  fairly  on  the  edge  splits  the  ballet.  If  nit  on  the  sUnt 
of  the  edge,  the  spring  or  elasticity  of  the  steel  prevents  the  bar  from  being  perma- 
nently bent  laterally. 

'*  The  cross-section  finally  adopted  is  shown  on  the  drawing  (Fig.  2,  Plate  VI).'* 

(PlAte  VII,  Figs.  1  and  2.) 

The  hrace, — ^The  braice  adopted  is  made  of  the  same  steel  and  of  the  same  cross  sec- 
tion of  bar,  becanse  it  is  as  liable  to  receive  hits  as  the  frame.  The  lower  end  is 
hooked,  to  prevent  the  target  from  being  blown  down  by  a  rear  wind.  The  npper 
end  hooks  into  a  hole  punched  in  the  &ame.  The  brace  can  revolve  around  tlua 
point  in  a  plane  perpendicular  to  the  target.  When  the  target  has  been  stood  np  at 
the  desired  angle  with  the  horizon,  the  lower  end  of  the  brace  can  then  be  puBhed 
(with  the  foot)  or  driven  into  the  ground,  without  altering  the  position  of  the  target 

FABRICATION  OF  THK  TARGET  FRAMES. 

The  steel  bar  weighs  1.1  pounds  per  foot.    Special  rolls  were  required  for  its  mana- 
factore,  and  it  cost,  delivered  at  the  arsenal,  2^  cents  per  pound.    It  was  purchaaed 
.  in  suitable  lengths,  avoiding  waste,  and  was  then  cut  np  into  pieces  of  required 

lengths  (see  Plate  VII). 

BILLS  OF  8TEBL  (PLATK  TU). 

SkirmUh  target  D. 

1  bar  steel  18'.0  long: 

Piece  A 7'  10" 

PieceC 6'  4" 

Brace 4'  10" 

i  bar  steel  16' 6"  long: 

Pieced 6'    3f" 

Pieced 1'  5i" 

PieceE 1'  6" 

Total 27'    3"=30     pounds. 

Skirmish  target  JE, 

l.barsteell4'9"long: 

PieceA 5*    2" 

Piece  h 5'    3" 

Piece  0 2'    4" 

Pieced 2'    0" 

i  bar  steel  14'  0"  long : 

Brace 4'    8" 

Total 19'    5"  =  21. 4  pounds. 

Skirmish  target  F, 
i  bar  steel  15'  6"  long : 

PieceA 5'    5" 

I  Piece  & 2'    4" 

Total 7'    9"=  aSpound* 

Pundhing.-T-The  method  adopted  for  fastening  on  the  target  cloths  (to  be  described 
farther  on)  is  to  tie  them  on  with  strings.  This  required  that  a  hole  should  be 
punched  in  the  steel  bar  for  each  string.    These  holes  are  marked  h  on  Plate  YII. 
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It  was  desirable  that  they  sboald  not  be  larger  than  one-quarter  inch  diameter,  lest 
they  might  weaken  the  frame.  Steel  of  the  reqnired  hardness  and  elasticity  made 
the  panchiug  of  so  small  a  hole  very  diftlcnlt.  Drilling  so  hard  a  steel  would  have 
been  difficult  also  and  too  expensive.  After  many  trials  of  English  and  American 
tool  steels,  an  open-hearth  steel  was  obtained  from  Canton,  Ohio,  that  would  do  the 
work  without  breaking.  The  rivet  holes  were  also  punched.  These  are  seven-six- 
teenth inch  diameter,  and  their  punching  presents  no  difflcnlty. 

Shaping  the  hara. — This  was  done  on  a  special  shaping  or  bending  machine  manufact- 
ured for  the  purpose  at  the  arsenal.  ' 

This  machine  is  shown  on  Plate  YIII. 

Dies  (Figs.  2  and  3)  for  two  shapes  are  shown  on  the  drawing,  and  the  method  of 
bending  is  sufficiently  illustrated.  Care  is  required  in  designing  the  dies  to  prevent 
the  bar  from  being  drawn  endwise  from  its  proper  position  when  the  dies  come  to- 
gether. A  steel  lever  thrast  into  a  hole  below  at  the  point  (&),  and  pulled  up  against 
the  steel  bar  by  hand  above,  was  used  to  hold  the  steel  and  prevent  its  slipping.  In 
some  cases  two  of  these,  at  different  points,  were  used. 

The  steel  was  shaped  hot.  A  long  special  furnace  for  the  heating  was  conveniently 
placed  between  the  punching  and  bending  machines,  and,  after  punching,  the  bars 
were  put  into  one  end  of  the  furnace  and  pulled  out  at  the  other  for  bending. 

i'^or^tn^. — ^The  wedge-shaped  edges  of  the  steel,  where  riveted  together,  if  not 
altered,  would  give  the  joint  drawn  in  Fig.  5,  Plate  VII.  A  bullet  striking  on  this 
point  would  strain  the  frame  unduly  and  tend  to  draw  or  break  the  rivet.  To  pre- 
vent this,  and  give  a  sharp  edge  at  the  loint  also,  the  form  of  the  bar  was  altered 
while  hot,  under  a  drop  so  as  to  make  tne  joint  as  shown  in  Fig.  6.  This  was  done 
before  riveting.  The  sharp  poicts  of  the  frame  which  enter  the  ground — the  round 
at  one  end  of  the  brace  ana  the  sharp  point  at  the  other — were  forged  nnder  a  helve 
power  hammer.  The  crook  in  he  brace,  where  it  enters  the  ground,  was  then 
formed  on  the  bending  machine. 

CoaUtarring  and  crating. — ^The  frames  when  finished  were  first  heated  in  the  foundry 
core-oven,  then  dipped  in  a  vat  of  hot  coal  tar,  and  when  dry  were  sent  io  the  pack- 
ing-house and  crated  for  shipment. 

Convenient  numbers  to  crate  in  one  package  are  6  targets  D,  8  targets  E,  and  16 
targets  F. 

TARGET  CU  TH8. 

The  method  finally  devised  and  adopted  for  attaching  the  target  cloths  to  the  metal 
frames  was  to  tie  them  on  with  strings.  I  think  it  is  sufficiently  expeditious ;  it  can- 
never  give  trouble ;  the  attachment  cannot  be  seriously  damaged  by  firing,  can  be 
readily  repaired  by  a  soldier  if  damaged,  and  it  gives  an  easy  means  of  stretching  the 
cloth  to  any  desired  tautness. 

Had  the  frames  been  in  the  form  of  a  parallelogram,  or  of  any  form  having  straight 
borders,  the  cloth  could  have  been  attached  by  tying  the  strings  around  the  frame. 
As  the  edges  of  the  frames  are  curves,  it  is  necessary  to  so  attach  the  strings  at  the 
outer  part  of  curves  that  they  cannot  slip.  This  is  effected  by  punching  holes  in  the 
frame,  as  has  been  mentioned.  Corresponding  holes  are  made  near  the  edge  of  the 
cloth.  The  holes  in  the  cloth  are  reinforced  with  leather  washers  five-eighth  inch  diam- 
eter, and  a  brass  eyelet  is  put  through  both  leather  and  cloth  and  riveted  down. 
The  number  of  holes  in  the  cloth  and  in  the  target  frame  of  each  target  is  as  follows: 
Target  D,  36;  target  E,  24;  target  F,  15.  The  top  of  the  cloth  is  marked  <' top." 
If  tne  soldier  commences  tying  at  the  top  and  passes  from  there  around  the  edges,  he 
will  find  the  holes  to  coincide,  and  can  have  no  trouble  in  getting  the  cloth  on  the 
frame  correctly.  The  strings  are  to  be  pnt  through  the  holes  in  the  frame  first,  and 
then  knotted  at  the  near  edge  of  the  frame.  The  holes  in  the  cloth  are  so  spaced  that 
they  will  come  just  opposite  the  front  edge  of  the  frame  without  stretching.  One 
end  of  the  striuff  Is  then  passed  through  the  eyelet  hole  in  the  cloth  and  the  cloth 
drawn  around  the  outside  of  the  frame  and  tied.  The  cloth  can  be  stretched  the 
whole  width  of  the  steel  bar  of  the  frame,  1^  inches,  or  any  less  amount  that  is  de- 
sired. 

Fabrication. — The  cotton,  72  inches  wide,  is  mounted  in  twelve  rolls  at  one  end  of  a 
tablev  Twelve  pieces  are  drawn  out  on  the  table  at  one  time ;  the  top  piece  is  marked 
with  a  templet  for  the  cutting  and  punching,  and  then  the  whole  twelve  pieces  are 
cut  at  once  with  a  long  knife,  and  ail  are  punched  at  once  with  an  ordinary  punch. 
One  man  cuts  and  punches  300  D  cloths.  400  £  cloths,  and  500  F  cloths  in  eight  hours. 
The  leather  reinforce  washers  are  punched  out  on  an  ordinary  punching  machine. 
The  eyelets  are  pnt  in  by  boys  with  special  hand  machines  devised  for  the  purpose. 
In  making  the  strings,  the  string  is  first  wound  on  spools.  The  spools  are  made  of 
four  tin  plates  set  at  right  angles,  the  distance  between  the  outer  cages  of  the  tin  be- 
ing the  length  of  a  string.  These  edges  are  then  dipped  in  gum  shellacaud  allowed 
to  dry.  The  strings  are  then  cut  along  the  edges  or  the  tin.  The  gum  forms  a  stiff 
tag  to  facilitate  passing  the  string  ends  through  the  holes  in  the  target  cloths  and 
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frames.  The  strings  are  tied  np  in  banks  and  properly  labeled,  36  strings  in  a  hank 
for  the  D  target,  24  for  the  E,  and  15  for  the  F.  In  issuing,  5  hanks  or  sets  of  strings 
were  issaed  for  every  4  targets. 

PAPER  TARGETS. 

As  has  been  stated,  these  are  black  paper  silhoaettes  having  the  same  contoar  as 
the  target  frames  and  cloths.  It  was  fonnd  that  pnre  black  paper  conld  not  be  ob- 
tained, except  with  a  glossy  surface,  which  reflected  the  lieht  and  defeated  the  ob- 
ject sought.  After  much  trouble  a  dead  blue-black  ( nearly  black)  paper  was  obtained 
which  showed  well  in  the  sun  at  a  distance,  and  was  approved  by  the  Chief  of  Ord- 
nance. The  paper  weighs  about  2  pounds  per  100  square  feet.  It  is  purchased  in 
sheets — for  the  D  target  27  by  68  inches,  for  the  E  27  by  42  inches,  for  the  F  27  by  37 
inches.  By  making  a  crooked  cut  across  the  latter  size  two  F  targets  are  obtained 
from  one  sheet. 

The  silhouettes  are  cut  out  of  the  paper  as  follows : 

About  one-half  a  ream  of  paper  is  placed  between  two  stiff  wood  templets  having  the 
same  contour  as  the  silhonett<e  to  be  cut.  The  paper  is  then  compressed  with  heayy 
iron  clamp  screws,  and  the  silhouettes  are  sawed  out  with  a  large  band  scroll-saw. 
The  clamp  screws  are  removed  from  in  front  of  the  saw  and  placed  behind  it  from 
time  to  time  as  they  are  reached.  One  man  can  cut  out  2,000  D's,  2,500  E%  and 
3,000  F's  per  day. 

Bill  of  materials  for  and  coBt  of  one  akirmiah  target  D  {ateel  frame). 

Thirty  pounds  steel  bar,  at  2i  cents  per  pound fO  75 

Eight  I  by  1  inch  round-head  rivets 02^ 

Coal m 

Labor 19i 

Coal-tarring Ol\ 

General  expenses 04 

Patterns,  dies,  and  tools 074 

1  17 

In  future  manufactures  deduct  6  cents  for  patterns,  dies,  and  tools  on  hand.  The 
above  does  not  include  cost  of  crating  for  shipment,  which  was  about  11  cents  each. 

Bill  of  materials  for  and  cost  of  one  BHrmieh  target  E  {steel  fram^e). 

Twenty-one  and  four-tenths  pounds  steel  bar,  at  2|  cents  per  pound $0  53^ 

Fivef  by  1  inch  round-head  rivets Oli 

Coal 05 

Labor 16 

Coal-tarring OU 

General  expenses 03f 

Patterns,  dies,  and  tools 05 

096 

In  future  manufactures  deduct  4  cents  for  patterns,  dies,  and  tools  on  hand.  The 
above  does  not  include  cost  of  crating  for  shipment,  which  was  about  9  cents  each. 

Bill  of  materials  for  and  cost  of  one  skirmish  target  F  {steel  frame)* 

Eight  and  one- half  pounds  steel  bar,  at  2^  cents  per  pound $0  21^ 

Twof  by  1  inch  round-head  rivets 00| 

Coal m 

Labor 09 

Coal-tarring 01 

Qeneral  expenses , ....  02| 

Patterns,  dies,  and  tools OU 

036 

The  above  does  not  include  cost  of  crating  for  shipment,  which  was  about  4  cents 
each. 

The  foregoing  statement  of  cost  of  patterns,  dies,  and  tools,  does  not  includB  the 
bending  machine  (about  |450)  and  the  furnace  (about  $145),  which  were  charged  to 
the  arsenal  plant. 


REPORT   OF   THE   CHIEF   OF   ORDNANCE.  633 

Bill  of  maieriaU  for  and  coBt  of  100  D  target  oloihe. 


MATKRIALS. 

52  yards  cotton  cloth,  72  inches  wide,  at  20  cents  per  yard $10  40 

3,625  brass  eyelets,  at  75  cents  per  thonsand 2  72 

Miscellaneons  articles 25 

LABOR. 

Cutting  and  punching |0  70 

Making  leather  reinforces 36 

Splicing  on  arm 60 

Patting  in  eyelets 2  00 

3  66 

Special  tools 10 

General  expenses 75 

Total 17  88 

18  cents  each. 

Bill  of  materials  for  and  eoet  of  100  E  target  cloihe, 

MATERIALS. 

44  yards  cotton  cloth,  72  inches  wide,  at  20  cents  per  yard tS  80 

2,425  brass  eyelets  C,  at  75  cents  per  thousand 1  83 

Miscellaneous  articles 20 

LABOR. 

Catting  andpanching $0  55 

Making  reinforces 24 

Patting  in  eyelets 1  35 

2  14 

Tools 07 

General  expenses 43 

Total 13  47 

13}  cents  each. 

Bill  of  materiaUfor  and  ooet  of  100  F  target  clothe. 

MATERIALS. 

24  yards  cotton  cloth,  72  inches  wide,  at  20  cents  per  yard $4  80 

1,525  brass  eyelets,  at  75  cents  per  thousand 1  15 

Miscellaneous  articles 15 

LABOR. 

Cutting  and  punching |0  40 

Making  reinforces 15 

Putting  in  eyelets 80 

1  35 

Tools 5 

General  expenses 27 

Total 7  77 

8  cents  each. 

Bill  of  materials  and  ooet  of  100  paper  akirmiehing  targets, 

D. 

23.5  pounds  paper,  at  8}  cents  per  pound f2  00 

Labor  and  general  expense 25| 

Cost  per  target,  2^  cents. 
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E. 

13.4  pounds  paper,  at  8^  centa  per  poand |1  14 

Labor  and  general  expenses 22 

Cost  per  target,  1}  cent«. 

F. 

6  pounds  paper,  at  8^  cents  per  pound |0  5l 

Labor  ana  general  expenses b| 

Cost  per  target,  -h  cents. 

The  capacity  of  tools  now  on  hand  is  sufficient  for  making  per  day :  95  D,  125  E, 
250  F,  targets;  250  D,  350  E,  550  F,  target  cloths ;  2,000  D,  2,500  E,  3,000  F,  paper 
targets. 
I^pectfuUy  submitted. 

D.  W.  FLAGLER, 
LUutenani-Colonel  of  Ordnance,  Commanding, 
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DESCRIPTION  OF  THE  METHOD  EMPLOYED  IN  ATTACHING  THE  8IQH13 

TO  THE  S-INCH  EIFLE8. 

By  Capt.  C.  W.  Whipple,  Ordnakce  Department. 

(1  plate.) 

The  method  employed  at  the  Ordnance  proving  ground  for  attaching 
Bights  to  the  8-inch  converted  rifles  is  as  follows : 

The  gan  is  mounted  on  skids  and  leveled  as  regards  the  axis  by  a 
'<  gunner's  quadrant''  applied  to  the  face  of  the  piece;  a  wooden  saddle 
is  then  seated  on  the  trunnions  (see  sketch  1)  upon  which  is  placed  a 
spirit-level^and  the  gun  is  then  leveled  as  regards  the  axis  of  the  trunnions. 
Having  verified  these  adjustments,  ^^  the  line  of  metal"  is  determined 
in  the  usual  way  by  establishing  two  points  (front  and  rear)  with  the 
^^  gunner's  level"  and  tracing  a  line  between  them. 

With  guns  converted  to  rifles  by  insertion  of  tube  through  the  breech, 
the  center  of  the  breech  is  indicated  on  the  plug.  With  ^^  muzzle-inser- 
tion" guns  carpenters'  calipers  are  used  for  determining  the  center  of 
the  breech,  as  follows:  the  paint  is  carefully  scraped  from  the  cascabel 
at  the  extremities  of  the  horizontal  and  vertical  diameters }  the  calipers, 
being  set  approximately  to  the  radius  of  the  breech,  are  applied  from  the 
extremities  of  both  diameters  so  as  to  scratch  lines  near  the  center ; 
these  lines  form  the  sides  of  a  square,  the  diagonals  of  which  intersect 
at  the  center  of  the  breech. 

THE  BEAB-SIGHT   SEAT. 

A  carefully  planed  rectangular  wooden  board  12.625  inches  deep 
(the  height  of  the  seat  for  breech-sight  above  axis  of  gun)  is  then  sus- 
pended at  the  breech  by  two  cleats  bearing  at  either  side  on  the  cas- 
cabel in  such  a  manner  that  the  lower  horizontal  edge  shall  be  at  the 
center  of  the  breech*  (see  sketch  2).  It  is  leveled  by  applying  a  spirit- 
level  to  its  upper  horizontal  edge  and  made  vertical  by  the  use  of  the 
plummet.  On  this  board  (or  templet)  a  vertical  line  is  drawn  at  a  dis- 
tance of  8.775  inches  from  the  center,  and  the  intersection  of  this  line 
with  the  upper  horizontal  edge  of  the  templet  determines  the  position 
of  the  seat  for  the  breech-sight.  The  curvature  of  the  breech  enables 
the  seat  to  be  located  and  supported  by  hand,  and,  the  templet  having 
afterwards  been  removed,  the  hole  for  one  screw  is  marked,  the  seat  re- 
moved, and  this  hole  drilled  and  tapped.    The  seat  is  then  secured  by 

*  The  templet,  shown  in  sketch  2,  mast  of  course  be  cut  away  when  used  with 
'breech-insertion"  guns  so  as  to  override  the  projecting  plug. 
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the  single  screw,  and  its  position  having  been  verified  and  the  sight 
leveled,  the  holes  for  the  other  screws  are  marked,  the  seat  removed, 
the  holes  drilled  and  tapped,  and  the  seat  then  finally  replaced. 

THE  FRONT  SIGHT. 

A  carefully  fitted  tompion  is  thas  inserted  in  the  mnzzle,  to  which  i« 
fastened  an  upright  cleat  extending  some  inches  above  the  gun ;  an 
ofEset  at  right  angles  to  this  cleat,  with  its  upper  edge  14.2  inches  frooi 
the  axis  of  the  gun,  is  attached  to  the  cleat  and  extends  to  the  right 
and  above  the  muzzle  of  the  gun  (see  sketch  3).  The  inner  edge  of  tlie 
cleat  passes  through  the  axis  of  the  tompion  and  is  made  vertical  bjr 
the  use  of  the  plummet. 

The  breech-sight  is  then  inserted  in  its  seat  and  a  cord  stretched 
from  the  zero  of  the  scale  to  a  point  on  the  offset  at  the  muzzle  8.775 
inches  from  the  axis.  This  line  should  of  course  be  level,  which  is  ver 
ified  by  the  spirit-level.  The  front  sight  is  then  adjusted  by  hand  at 
a  distance  of  54  inches  from  the  rear  sight  and  so  that  its  edge  sh^ 
touch  and  coincide  in  direction  with  the  taut  cord ;  the  screw  holes  aie 
marked,  the  sight  removed,  holes  drilled  and  tapped,  and  the  sight 
then  attached. 


PLATE  I. 
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BEPORT  ON  THE  POLE-LIFT  FOB  FIELD-ABTILLEBY  CABBIAGES, 

By  Capt.  W.  L.  Haskin,  First  Artillery. 

(1  plate.) 

Presidio  of  San  Francisco,  Oal.,  August  1, 1885. 

Chief  of  Ordnance,  U.  S.  A., 

Wdshingtony  D.  C. : 

Sir  :  I  have  the  honor  to  state  that  I  retarned  to  this  post  on  the 
15th  ultimo,  with  my  battery,  from  a  practice  march  of  408  miles. 

Two  of  the  3.2-inch  B.  L.  converted  rifles  monnted  on  steel  carria/sres 
were  taken  with  us.  I  did  not  t;ake  their  limbers,  but  used  the  wooden 
ones  of  the  3-inch  guns.  We  encountered  all  the  difficulties  that  we 
would  be  apt  to  meet  in  campai(;n,  and  went  over  the  steepest  grades 
that  the  battery  has  ever  crossed,  all  without  injury  to  man,  horse,  or 
vehicle. 

I  inclose  a  photograph  of  the  pole-lift,  constructed  for  me  at  Benicia 
Arsenal,  by  your  authority,  for  use  on  this  trip,  and  report  that  it  per- 
fectly fulfills  its  object.  I  had  no  neck-sores,  nor  any  galls  that  could 
not  be  entirely  cured  in  one  or  two  days.  The  difference,  in  this  respect, 
between  my  experience  of  last  year  and  particularly  of  this  year,  as 
compared  with  Major  Sanger's  experience  in  1883,  is  very  marked.  No 
light  battery  should  make  any  long  march  without  these  lifts.  They 
take  the  weight  of  the  pole  from  the  necks  of  the  wheelers,  and  save 
the  horses  from  all  the  bad  effects  due  to  the  thrashing  of  the  pole  up 
and  down  as  gullies  or  gutters  are  crossed.  To  remove  them,  it  is  only 
necessary  to  unhook  the  chain— either  before  or  behind  the  limber — and 
the3'  can  be  thrown  off  at  once.  When  the  end  of  the  pole  is  raised 
this  is  easily  done. 

In  order  to  diminish  the  weight  on  the  pole  I  shifted  the  knapsack 
straps  to  the  rear  of  the  limber-chests  and  hung  a  rack  there  for  the 
knapsacks. 

This  also  made  more  room  for  the  legs  of  the  men  and  made  the  chest 
a  more  comfortable  seat  for  them. 

I  could  not  do  this  on  the  new  iron  limbers,  nor  could  I  use  the  pole- 
lift  on  the  one  of  them  which  is  re-enforced  with  a  band  of  metal  pro- 
jecting above  the  lid  and  crossing  it  from  front  to  rear  on  its  middle 
line.  It  was  for  these  reasons  that  I  did  not  take  the  new  limbers  with 
me. 

The  new  carriages  are  not  provided  with  long  sponges,  nor  with  any 
hooks  or  loops  upon  which  they  could  be  carried.  After  a  day's  firing  it 
is  absolutely  essential  that  the  whole  bore  of  the  gun  should  be  cleaned, 
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and  the  sponge  used  in  the  firing  is  useless  for  this  purpose.    It  is  not 
half  long  enough. 

There  is  no  place  for  a  prolonge  on  the  new  carriage. 

The  new  elevating  serew  worked  with  ease  at  all  times,  though  occa- 
sionally on  reaching  camp  the  dust  would  be  an  inch  deep  on  everj- 
thing.  It  works  too  easily  in  fact,  and  I  found  it  necessary  to  use  a 
leather  thong  fastened  to  the  most  convenient  part  of  the  carriage  and 
tied  to  the  wheel  of  the  elevating  screw  to  keep  it  from  turning. 

The  locking  apparatus  of  the  piece  invariably  unlocks  itself  on  the 
march  and  on  mounted  drill.  I  have  to  use  a  leather  thong  to  keep  the 
handle  in  place.  This  defect  could  be  easily  remedied  by  making  the 
lower  end  of  the  handle  heavier  than  the  upper  end. 

Having  the  belief  that  it  was  necessary  to  keep  the  hreech  mechanism 
covered,  I  had  covers  made  of  heavy  canvas  and  leather,  but  I  foood 
before  we  started  out  that  the  steel  rusted  much  worse  when  the  coverg 
were  on  than  when  it  was  wholly  without  such  protection,  and  accord- 
ingly I  removed  them. 

We  were  absent  five  weeks,  and  the  breech  mechanism  did  not  suffer 
at  any  time  for  want  of  cover. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

WM.  L.  HA8KIN, 
Oaptainj  First  Ariilleryj  commanding  Light  Battery  K 


Appendix  54 


REPORT  OF  THE  CONSTRUCTION  OF  EXPERIMENTAL  CARRIAGE  AND 
LIMBER  FOR  GATLING  GUN,  CALIBER  0.45  INCH,  MODEL  1H81,  AND  OF 
CART  FOR  DISTRIBUTING  SMALL-ARM  AMMUNITION  ON  THE  FIELD 
OF  BATTLE,  AT  WATER VLIET  ARSENAL,  DESIGNED  BY  CAPT.  E.  B. 
WILLlSTONy  SECOND  U.  S,  ARTILLERY. 

Bt  Lieut.  Col.  A.  Mordbgai,  Ordnance  Department. 

(3  plates.) 

Watbbvliet  Absenal,  N.  Y. 

The  experimental  gnu  carriage  and  limber  for  Gatling  gan,  caliber 
0.45  inch,  model  1881,  fabricated  at  this  arsenal  in  1881  and  1882,  were 
modifications  of  those  of  previous  patterns,  proposed  by  Gapt.  (now 
Major)  E.  B.  Williston,  Second  U.  8.  Artillery. 

The  featnres  desired  in  this  construction,  and  also  those  for  the  am- 
munition cart  for  distributing  small  arm  ammunition  on  the  field  of 
battle,  proposed  by  Captain  Williston,  and  manufactured  about  the 
same  time,  are  set  forth  in  the  following  papers : 

Washington,  D.  C,  September  8, 1681. 
The  Chief  of  Ordnance  U.  S.  Army, 

Waehingtan,  D,  C.  .* 

General:  The  method  of  packing  ammuDition  and  feeding  machine  guns  proposed 
by  Captain  Greer,  Ordnance  Department,  U.  S.  Army,  and  recommended  for  adoption 
l>y  the  Light  Artillery  Board,  necessitates  radical  changes  in  the  system  of  snpplyinff 
ammunition  I  have  had  the  honor  to  submit  (see  my  report  dated  March  20, 1880),  and 
as  I  have  simplified  the  plan,  notwithstanding  that  I  have  extended  it  so  as  to  em- 
brace the  supplying  of  infantry  and  cavalry  in  battle  as  well  as  the  machine  gun, 
thereby  making  the  system  complete,  I  very  respectfully  request  that  I  may  be  per- 
mitted to  confer  with  the  commanding  officer  of  the  Watervliet  arsenal,  with  a  view 
of  constructing  at  that  arsenal  a  cart,  one  set  of  harness,  and  one  set  or  pouches,  for 
use  in  packing  the  cart  horses  when  circumstances  prevent  the  carts  from  being  used. 

I  have  been  prevented  from  submitting  the  details  of  this  system,  as  improyed, 
with  the  required  drawings,  and  I  would  prefer  to  await  the  results  of  a  consultation 
with  Colonel  Buffington  before  furnishing  them,  as  I  am  still  Undecided  as  to  some  of 
the  minor  parts  of  the  construction. 

The  results  of  the  trials  which  I  have  made  with  the  ammunition -snpply  cart  already 
furnished  to  me  warrant  my  expressing  the  belief  that^  in  case  this  important  system 
is  tried,  the  results  will  prove  satisfactory,  and  will  simplify  the  problem  of  supply 
now  rendered  of  groat  consequence  b^  the  introduction  of  the  breech-loader  and  the 
machine  gun,  and  the  proposed  adoption  of  a  magazine-rifle. 

If  possible,  I  would  like  to  have  the  cart,  the  harness,  and  the  pouches  made  in 

time  to  submit  them  to  the  Light  Artillery  Board. 

Very  respectfully  your  obedient  servant, 

EDW'D  B.  WILLISTON, 

Captain  Second  Artillery, 
[Tint  indorsement.] 

Ordnance  Office,  September  9, 1881. 

Respectfully  referred  to  the  commanding  officer  of  Watervleit  arsenal,  who  will 
confer  with  Colonel  Williston  on  the  subject  matter  of  the  within  communication 
and  other  kindred  subjects.    He  will,  as  soon  as  possible,  report  on  the  changes  to  be 
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made  on  the  carriages  for  machine  gana,  and  on  the  modifications  proposed  in  the 
ammunition  cart,  harness,  &,q.  This  is  deemed  a  matter  of  i^reat  importance  sad 
prompt  action  is  requestea,  that,  if  possible,  all  these  things  be  prepared  in  time  for 
the  action  of  the  Light  Artillery  Board. 

S.  V.  BENfiT, 
Brigadier  General,  Chief  of  Ordmanee. 

(Second  indonememt] 

Watbrvliet  Arsenal,  Sqttember  28, 1881. 

Respectfully  returned  to  the  Chief  of  Ordnance,  inclosing  report,  in  accordasee 
with  hrst  indorsement  hereon. 

A.  R.  BUFFINGTON. 
Lieutenant-Colonel  of  Ordmanoe^  ComwiamiiMg. 

REPORT. 

GUN  CARRIAGE  AND  LIMBER. 

Col.  £.  B.  Williston  proposes  to  have  built  one  carriage  differing  firom  the  h$ 
model  of  carriage  for  Oatling  guns  made  at  Watervliet  arsensl,  provided  this  carriafi 
has  all  the  latest  improvements,  which  it  has,  so  far  as  known,  at  Watervliet  aneni^ 
excepting  the  modifications  described  below  of  the  changes  proposed  by  Captaii 
Gieer,  Ordnance  Department,  in  the  size  and  manner  of  filling  limber-box  and  bois 
on  gun  axle;  in  substituting  for  splinter- bar  double  and  whiffle  trees^  in  having t 
brake  for  down  bill  which  snail  also  be  a  mud-scraper  for  wheels,  described  belov; 
in  having  trail  hand-spilce  hinged  to  the  trail,  and,  in  so  far  as  the  different  guns  vi£ 
permit,  have  this  carnage  so  made  that  future  constructions  of  carriages  for  the  6ari> 
ner  machine  guns  shall  be  like  it.  He  desires,  also,  whatever  additions  may  be  d» 
essary  to  enable  him  to  carry  on  the  Carriage  or  limber,  and  in  the  manner  statei 
the  following  articles,  viz : 

Feed-guides,  outside  of  limber  and  gun  boxes ;  intrenching  tools ;  water  bucket 
(two  of  galvanized  iron,  painted  olive  to  rim;  on  foot-board  of  limber  by  means  d 
rings;  a  small  grease- can  holding  wheel-grease  and  a  small  shovel  or  spatula,  be- 
tween the  limber-hounds ;  a  picket  rope  3  inches  girth,  40  feet  long,  with  loop  at  esd 
end  on  curved  hooks  under  the  limber-axle;  the  necessary  spare  parts  and  gun  impk> 
ments  somewhere  outside  of  limber  and  gun  boxes ;  in  like  manner  a  monkey-wreocl, 
cotton  waste,  and  a  brass  oiler. 

He  wishes  also  all  wood  parts  to  bo  oiled  instead  of  painted  ;  the  gnu  to  be  browo^: 
the  rear  sight  of  Gatling  gnu  to  be  the  same  as  the  Gar<luer,  and  the  front  also  liki 
the  Gardner,  but  finer  at  the  point,  and  made  to  fold  down  when  not  in  use. 

When,  in  April  last,  work  was  suspended  on  the  14  Gatling  carriages,  then  undo 
construction  at  Watervliet  arsenal,  the  limber-boxes  and  boxes  for  gun  axles  weic 
fully  completed,  with  the  exception  of  putting  in  the  fillings,  which  were  sdsaaH 
made. 

The  changes  proposed  by  Captain  Greer  cannot  be  applied  to  these  boxes,  as  thtr 
were  too  small ;  but  the  limber-boxes  can  be  made  to  carry  10,060  rounds — 1,200  mon 
than  the  proposed  box — without  other  alteration  than  putting  in  partitions  and  fillin{ 
to  take  up  some  unnecessary  play  of  cartridge  packages,  thus  dispensing  with  thi 
proposed  drawers.  Those  of  the  Lowell  carriage  at  Watervliet  weigh,  with  lid,  ead 
18^  pounds,  which  add  to  the  weight  to  be  carried  and  are  otherwise  objectionabk 
TJie  gun  axle-boxes  are  too  small  to  carry,  in  packages,  each  more  than  about  l,8@l 
rounds,  but  boxes  can  be  made  whose  ioterior  dimensions,  without  partition,  would 
exceed  these  but  0.025  inch  (height)  by  0.7  inch  (depth)  by  1.2 inches  (width)  and  cany 
each  2,5G0  rounds,  together  5, 120 — 800  less  than  Captain  Greer's  boxes  or  drawers,  bsl 
making  the  sum  total  for  each  gun  (10,080 -f  ^tI^^^^^^t"^^)  ^^  more,  and  gire, 
which  Captain  Greei'^s  plan,  so  far  as  understood,  does  not,  the  necessary  room  £<? 
traversing  guu  and  turning  the  crank.  Indeed  it  is  difficult  to  see  how  two  drawffn 
of  the  dimensions  of  the  Lowell  boxes  are  '^to  be  carried  as  at  present  on  each  side 
of  the  gun,"  unless  they  and  whatever  holds  them  be  removed  in  action,  and  meet 
the  wants  of  the  Gatling  system ;  it  may  be  the  Lowell,  as  the  crank-axle  is  a  proloogi- 
tion  of  the  gun-axis. 

There  is  also  another  objection  to  the  use  of  limber-chests  of  the  dimensions  pro- 
posed by  Captain  Greer,  and  consequently  to  the  present  Lowell  limber-chest  whid 
he  adopts,  for  adaptation  to  all  machine  guns  in  that  it  is  too  long,  the  end  of  cfat«t 
curving  too  near  the  wheels. 

Colonel  Williston  approves,  as  superior  means  of  oarrying  ammunition  and  offering 
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oeator  facilities  for  asing  it  in  Action,  anddeftires  for  the  carriage  to  be  bnilt  forhlm^ 
imber-cheftt  and  boxes  for  gnn  axle  as  follows,  viz :  Limber-chest  of  about  the  same 
limensions  as  those  last  made  at  Watenrliet  arsenal  for  the  Gatlin^  carriage,  the  in- 
toririr  to  be  divided  by  partitions  the  full  height  of  chest,  into  six  oompartmentSy 
Mcb  to  hold  1,680  ronnds  packed  in  the  feed-cases  proposed  hj  Captain  Oreer. 

In  each  compartment  there  will  be  a  "follower"  for  retaining  in  place  the  cart- 
ridges, whether  the  compartment  be  wholly  or  partially  filled. 

Boxes  for  gun  axle  (each  to  carry  2,560  ronnds,  also  in  the  proposed  feed-cases, 
sither  in  one  or  two  compartmf  nts,  to  be  decided  hereafter)  to  be  like  those  made  for 
last  constructed  Qatling  carriage,  but  increased  in  dimensionB  as  above  stated,  and 
Gutf^ned  in  like  manner  to  gnn  axle ;  the  left  one  immovably  with  lid  across  the 
irbole  top  opening /rom  the  fuin ;  the  right  to  rotate  to  the  front  about  on  axis  near 
ipper  surface  of  axle,  with  Im  on  end  toward  the  trail,  hinged  to  the  top. 

The  brake  for  down  hill,  desired  and  referred  to  above,  is  the  same  as  proposed. 
Mily  lighter,  for  the  3.20-iuch  field- carriage;  that  is,  a  rod  or  bar  of  iron  or  steel,  ey«a 
It  one  end  to  a  strap  around  the  shoulder-washer,  the  other  end  being  a  compara- 
tively  heavy  shoe,  forged  on,  so  that  when  held  vertically,  the  sho*),  having  a  flange 
Id  go  outside  of  tire,  will  pass  over  the  tire;  from  this  position,  thrown  either  to  the 
Vont  or  rear,  it  will  break  the  wheel;  to  the  rear,  on  the  march,  it  will  serve  as  a 
■ud<8craper. 

AMMUNITION  CART. 

To  differ  from  the  one  last  made  at  Watervliet  arsenal  in  the  following  particulars: 
3plinter-bar,  hounds,  and  what  corresponds  t'O  the  fork,  to  be  of  iron  ;  wooden-axle 
)ody  to  be  dispensed  with  ;  the  hounds,  of  angle  iron,  to  extend  to  the  rear,  suitably 
dent  and  shaped,  to  serve  as  mud  scrapers  for  the  wheels ;  addition  of  whiffletreee ; 
ibafts  to  be  turned  round  for  a  certain  distance  from  the  ends  for  the  use  of  the 
'shaft-rings"  of  harness;  the  body  replaced  by  a  low  \vooden  chest,  similar  to  an 
>rdinary  cart-body,  divided  into  two  compartments,  each  to  carry,  packed  in  the 
3re«»r  feed-caseH,  7,500  rounds;  this  chest  or  body  to  rotate  to  the  rear  about  the  axle, 
»  which  it  is  to  be  suitably  attached  to  permit  this  motion,  and  provided  with  a 
larrow  lid  or  door  on  under  side  next  to  the  rear  end,  made  of  about  25-inch  steel 
^late,  which  shall  be  automatic,  opening  for  the  distribution,  on  the  grouud,  of  cart- 
idges,  when  the  body  is  tilted  to  the  rear,  and  closing  when  drawn  back  to  first  posi- 
Sou  ;  to  accomplish  which  operations  it  is  to  be  provided  with  (under  the  control  of 
ihe  driver)  ropes  and  a  lever  suitably  attached  to  it  and  the  part  of  cart  on  which  it 
tests :  to  have  two  lids  or  doors  on  top,  hinged  longitudinally,  opening  from  the 
irhoels ;  to  be  lined  on  under  side,  in  rear  of  axle  to  the  steel  door,  with  1-inch  sheet 
rteel.  The  means  and,  essentially,  the  details  to  accomplish  what  is  here  stated 
have  already  been  devised  and  worked  up  at  Watervliet  arsenal.  It  is  desired  that 
^he  cart  shall  carry  two  axes,  a  spade,  a  pick,  sperm-oil  can,  a  monkey-wrench. 

CHANGES  IN  CART  HAllNESS. 

Substitution  of  Whitman  saddles  for  both  off  and  near  horses  for  those  now  in  use ; 
of  shaft-rings  for  the  hooks,  with  addition  of  breeching,  traces,  and  whiffletree  for 
ihaft-horse,  also  light  strap  with  snap-hook  connecting  shaft  ring  with  hame-tng ; 
9obstitntion  of  cavalry  for  artillery  bit  (Shomaker  preferred),  and  of  hair  for  web 
girths  for  both  horses. 

All  traces  to  have  chains  20  inches  long  with  Woelcken  hooks  attached  to  clips,  and 
alt  to  be  permanently  attached  to  hame-tugs;  whiffletrees  to  have  rings  instead  of 
"cock-eyes,"  and  collars  and  hames  to  be  permanently  connected,  hinged  at  the  top, 
and  fastened  at  the  breast  with  a  spring-catch. 

Pouches  for  packing  ammunition  on  the  hoi-ses:  To  be  made  of  leather  and  canvas, 
sewed  and  copper-riveted,  consisting  each  of  a  back  of  heavy  leather  and  two  heavy 
cotton,  duck  or  canvas  pockets,  7.25  by  12.50  by  15  inches,  to  carry  each  1,000  rouude 
in  the  Greer-paper  packages. 

The  leather  backs  are  to  be  so  made  as  to  pass  over  and  attach  to  the  saddle,  as  on 
ordinary  saddle-bags,  carrying  a  pocket  on  each  side;  these  pockets  to  have  flap- 
covers,  to  be  attached  permanently  m  lower  inner  edge  and  temporarily  at  the  top 
by  means  of  eyes  in  the  back  of  pocket,  extended  and  united  with  rear  of  flap  (thus 
ionbling  the  thickness  of  duck),  staples  fastened  to  the  leather  back  and  leather  strap 
to  pass  through  staples,  as  in  an  ordinary  mail-bag;  the  canvas  flap-covers,  when 
pockets  are  full,  to  be  fastened  to  the  body  of  pocket  in  similar  manner.  They  are  to 
be  emptied  on  the  ground  of  contents  by  removing  fastening  of  flap,  fastening  of 
pocket,  and  allowing  it  to  turn  around  its  lower  permanent  attachment  to  the  baok^ 
It  being  supported  and  fall  of  contents  regulated  by  driver. 
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E8TIMA1E8. 

For  carriage  and  limber (witliont  equipment  of  tools,  &c.) |450  00 

For  ammauition  cart  ( without  equipment  of  tools,  &q»  ) 29000 

For  ammunition  harness  (exclusive  of  patent  collars  and  hames) 76  00 

For  probable  cost  (not  known)  of  two  patent  collars  and  hames  permanently 

attached,  hinged  at  the  top  and  closing  at  the  breast  of  the  spring  catch..  24  00 
For  two  pairs  of  ammunition  pouches,  at  $15  each 30  UCi 

Total '. 870  00 

Remark. — As  all  the  above  are  more  or  less  experimental,  the  exact  cost  cannot  be 

?;iven,  and  will  be  more  than  for  subsequent  productions  after  models  are  once  estab- 
iahed. 

Respectfully  submitted. 

A.  R.  BUFFINGTON, 
Lieutenani- Colonel  of  Ordnance^  Commandvtg. 

[Third  indorsement.] 

Ordnance  Office,  October  1,  Ifc^l. 

Respectfully  returned  to  the  commanding  officer  Wutervliet  arsenal,  approved,  and 
the  money  estimated  will  be  remitted.  It  is  not  intended  that  the  within  recommenda- 
tions will  be  strictly  carried  out.  Such  modifications  as  experience  during  the  luaDQ- 
facture  may  suggest  as  improvement's  may  be  made,  &c. 

S.  V.  BENET, 
Brigadier- General^  Chief  of  Ordnance. 

CONSTRUCTION. 

The  above  report  of  Lieutenant-Colonel  Buffington,  accompaDyin^' 
his  intloraement  2,  dated  September  28,  1881,  was  the  guide  by  which 
the  work  wa«  to  be  done,  but  as  the  constructions  were  made  under  the 
eye  of  Captain  Williston,  or  from  his  instructions,  many  deviations 
were  made  from  what  was  first  proposed. 

The  gun  carriage  and  the  limber  dilfer  from  those  of  previous  pat- 
tern for  guns  of  the  same  model  in  the  following  points,  viz: 

CARRIAGE. 

(Plate  1.) 

(1)  The  axle  boxes  for  ammunition  are  smaller  and  the  details  of 
their  attachment  to  the  axle  body  are  changed.  Each  box  will  contain 
45  or  48  packages  of  20  cartridges  each,  depending  upon  the  manner 
in  which  they  be  arranged. 

(2)  The  axle  braces  are  bent  to  enable  the  cannoneers  to  stand  nearer 
to  the  carriage. 

(3)  The  trail-handspike  is  of  metal,  and  is  attached  to  the  lunette* 
plate. 

(4)  Each  wheel  is  provided  with  a  "Buffington'^  traveling  brake,  ar 
ranged  for  use  also  as  a  mud-scraper.  There  are  chains  to  retain  the 
brakes  on  the  wheels  when  they  are  serving  as  mud-scrapers,  and  sup- 
I>orts  with  spring  catches  to  secure  the  brakes  when  not  in  use. 

(5)  The  wood  work  is  oiled,  oul}^  the  metal  work  is  painted  black. 

UMBER. 
(Plato  1.) 

(1)  Instead  of  3,  there  are  2  foot-boards  resting  flat  upon  the  hounds. 

(2)  The  splinter-bar  is  of  the  same  length  as  footboards. 

(3)  The  fork  extends  in  front  of  the  splinter-bar. 
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(4)  An  evener,  with  a  single-tree  at  each  end,  is  attached  to  the  fork* 

(5)  Tlie  pole-prop  is  held  up,  when  not  in  use,  by  a  spring  clasp  on 
the  left  honud. 

(0)  A  second  prop  is  attached  to  the  rear  end  of  the  left  hound;  this 
is  held  up  by  a  spring  clasp  at  the  rear  of  the  axle  body. 

The  weight  at  the  end  of  the  pole  being  sO  much  reduced,  a  prop  in 
rear  of  the  chest  appeared  advisable  for  use  when  the  lid  of  the  chest 
is  o]>eu. 

(7)  The  horizontal  part  of  pintle-hook  increased  in  length,  to  facili- 
tate limbering. 

(8)  The  chest  is  increased  in  size  and  is  divided  by  vertical  partitions 
into  six  compartments  capable  of  containing  112  packages  of  20  cart* 
ridges  each,  making  13,440  rounds  of  ammunition  on  the  limber. 

A  bar,  hinged  at  the  bottom  of  each  compartment  and  secured  at  the 
top  by  a  spring  clasp,  retains  the  packages  in  ylace  when  the  lid  may 
be  open. 

Grooves  in  the  partitions  admit  of  the  insertion  of  metal  plates,  "  fol- 
lowers" to  prevent  undue  motion  to  the  packages  when  a  compartment 
may  have  been  partly  emptied. 

(i))  The  lid  of  the  chest  is,  when  open,  held  in  a  horizontal  position 
by  two  chains  terminating  in  snaps,  whicli,  when  unhooked,  permit  the 
lid  to  fall  to  a  vertical  position,  and  allow  the  cartridges  in  the  front 
part  of  the  chest  to  be  reached  more  readily. 

(10)  On  the  front  of  the  limber-chest  are  carried  two  felling  axes 
and  one  mattock,  held  by  sockets  and  spring  clasps. 

On  the  foot-boards  are  two  watering  buckets  placed  in  iron  rings. 
Beneath  the  footboards  are  one  shovel  and  one  spade,  secured  by 
sockets  and  strai)s  with  turn-bucikles. 

(11)  The  wood  work  is  oiled  only,  the  metal  work  is  painted  black. 

AMMUNITION     CART. 

(Plate  II.) 

The  ammunition  cart  is  for  supplying  additional  ammunition  to  ma- 
chine guns,  but  it  is  especially  designed  for  disributing  small-arm  am- 
munition to  troops  on  the  field  of  battle. 

Its  general  construction,  Plate  II,  is  that  of  a  two-wheeled  tip-cart. 

The  frame  consists  of  2  wheels,  1  iron  axletree;  1  wooden  axle 
body,  2  side-rails,  1  cross-bar,  and  2  shafts,  the  right  one  attached 
to  the  cross-bar,  and  to  the  right  side-rail  by  rondelles,  and  the  left  one 
bolted  to  the  cross-bar  and  extending  back,  mortised  into  the  axle  body. 

The  body  to  the  cart,  has  a  lid  in  two  pieces,  hinged  to  the  upper 
rails  of  the  sides ;  it  is  divided  by  vertical  partitions  into  five  longi- 
tudinal compartments,  each  of  which  is  closed  at  the  rear  by  a  door 
hinged  to  the  rear  upper  rail  of  the  body. 

Each  compartment  is  the  width  of  the  length  of  the  paper  package 
that  contains  20  cartridges,  and  by  careful  packing  each  will  receive 
10  packages  in  height  and  15  in  length,  making  150  packages,  or  3,000 
rounds  of  ammunition  in  each  comx)artment,  or  15,000  rounds  in  the 
cart. 

It  is  intended  that  two  horses  should  ordinarily  be  used  in  this  cart^ 
the  off  one  in  shafts,  the  near  one  to  be  ridden  by  the  driver ;  the 
traces  of  both  to  be  attached  to  single-trees  hooked  to  the  cross-bar. 

The  attachments  for  tipping  the  body  and  for  opening  in  succession 
the  rear  door  of  each  compartment  showm  in  the  plate  are  controlled 
by  the  driver.    The  cord  operating  the  door-catches  extends  in  a  groove 
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along  the  under  side  of  the  left  shaft  to  its  f^ont  end,  then  passes  throngh 
the  shaft  and  over  a  pnlly  to  the  driver's  hand.  The  loop  of  the  cord, 
^hose  ends  are  attached  to  the  lever  and  its  catches  for  tipping  and 
lowering  the  body,  is  brought  to  the  driver  from  behind ;  tiie  force 
which  he  has,  consequently,  to  exert  on  this  cord  being  a  pull  to  the 
rear. 

Grooves  in  the  sides  of  the  compartments  admit  the  introduction  of 
fiheet-metal  slides  to  prevent  too  free  motion  among  the  packages  of 
cartridges  when  a  compartment  may  be  but  partly  full. 

From  each  side  rail  a  metal  bar  extends  over  the  adjacent  wheel  to 
serve  as  a  mud  scraper. 

The  lid  is  covered  with  heavy  canvas,  oiled.  All  the  wood- work  is 
oiled  only,  and  the  metal  parts  are  painted  black. 

HARNESS. 

(Plate  III.) 

The  harness  is  of  russet  leather,  with  the  metal  parts  blacked. 

The  "Whitman"  saddle  is  used  for  both  horses.  At  the  rear  of  each 
saddle  is  a  hook,  on  which  is  placed  the  single-tree  with  traces  attached, 
when  the  horse  may  be  hastily  detached  from  the  cart.  The  single-tree 
rests  upon  a  pad  in  rear  of  the  saddle. 

A  strap  over  the  off  saddle  supports  heavy  metal  rings,  through 
which  the  shafts  pass,  and  from  which  they  are  readily  withdrawn.  The 
harness  of  this  horse  is  provided  with  Berry's  patent  collar,  such  as  is 
employed  in  the  harness  for  steam  fire-engines. 

The  harness  for  the  near  horse  has  the  saddle  equipped  with  stirrups, 
and  has  a  breast  strap. 

AMMUNITION  POUCHES. 

(Plate  III.) 

For  supplying  ammunition  to  troops  that  cannot  be  reached  by  the 
cart  two  pairs  of  canvas  bags  or  pouches  are  provided.  l?hese  may  be 
carried  habitually  on  the  lid  of  the  cart,  and  when  required  (the  horses 
having  been  hastily  detached  from  the  cart),  are  hung  over  toe  saddles. 
Ailed  from  the  cart,  and  sent  speedily  to  their  destination. 

The  pouches  are  attached  at  their  lower  edge  permanently  to  the 
seat  piece,  of  leather,  but  at  their  upper  edge  are  secured  to  this  piece 
by  a  strap  only,  passing  throngh  staples. 

This  strap  being  withdrawn  allows  the  pouch  to  rotate  about  it  slower 
inner  edge  and  discharge  its  contents  upon  the  ground. 

Each  pouch  will  hold  50  paper  packages  of  20  cartridges,  making 
1,000  rounds  to  a  pouch,  or  2,000  rounds  for  each  horse. 

The  ammunition-cart  with  its  harness  and  the  ammunition-pouches 
were  sent  to  Oapt.  B.  B.  Williston  at  Fort  Leavenworth,  Kans.,  in  Octo- 
ber, 1884. 

A.  MOEDEOAI, 
lAeutenant'Colonel  of  Ordnance j  Commanding. 
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REPORT  OF  THE  CONSTRUCTION  OF  QUN-CARRTAGE  SADDLE  FOR 
HOTCHKISS  MOUNTAIN  GUN,  CALIBER  1.65  INCHES,  AT  WATERVLIET 
ARSENAL,  DESIGNED  BY  CAPT.  F.  D.  BALDWIN,  FIFTH  U.  S.  IN- 
FANTRY. 

By  Li£ut.  Col.  A.  Mordecai,  Ordnance  Department. 

(1  plate.) 

WATERVLIET  ARSENAL,  N.  Y. 

The  moantain  gun-carriage  saddle,  designed  by  Gapt.  F.  D.  Baldwin, 
Fifth  U.  S.  Infantry,  was  made  at  this  arsenal  in  the  winter  of  1882  and 
1883.  It  was  issned  to  the  Fort  Abraham  Lincoln  ordnance  depot  Jn 
April,  1883. 

Its  construction  and  use  are  set  forth  in  the  following  papers.  Some 
modifications  proposed  afterwards  by  Captain  Baldwin  were  adopted. 
The  drawings  on  the  plate  show  the  carriage  as  constructed: 

Tecumseu,  Mich.,  August  29, 18R1. 
Col.  James  M.  Whittemore, 

Acting  Chief  of  Ordnance : 

Dear  Sir:  I  have  jaat  completed  a  model  of  the  gun-carriage  saddle,  and  on  yoar 
■nggestion  I  forward  the  same  by  mail  to  the  Department.  1  have  not  had  time  to 
complete  the  description  as  I  should  have  liked,  bat  sufficiently^  so  that  with  aid  of  the 
model  it  can  be  understood.  Should  there  be  anything  wanting  in  description,  dtc, 
and  you  will  let  me  know,  will  try  and  explain.  I  have  not  entered  into  small  de- 
tails either  in  my  model  or  description ;  in  fact  this  model  only  covers  and  shows  the 
idea  or  principle,  which  must,  by  actual  experiments  and  trials,  be  perfected. 

I  have  estimated  the  weight  of  gun  and  carriage  at  not  exceeding  220  pounds.  I  do 
not  believe,  however,  that  if  the  carriage  is  properly  made  the  entire  weight  will 
txceed  200  pounds. 

The  carriage  should  be  made  of  steel  of  about  one-eighth  inch  in  thickness. 

Believing  that  the  subject  will  receive  due  consideration  at  the  hands  of  the  Ord- 
nance Department,  and  requesting  information  as  to  disposition  and  recommendations 
made, 

I  remain,  with  great  respect,  yours,  Ac, 

FRANK  D.  BALDWIN, 

Captain,  Fifth  Infantry. 

Tecumseh,  Mich.,  August  29,  1881. 
The  Chief  of  Ordnance  U.  S.  Armt, 

Washington,  D,  C. : 

Sir  :  In  presenting  the  inclosed  model  of  a  mountain  gun-carriage  saddle  it  is  with 
a  view  of  overcoming  obstacles  found  to  exist  in  using  the  ordinary  guu-carria^ 
when  it  becomes  necessary  to  pack  it  on  mules  in  mountain  warfare,  or  when  it  la 
impracticable  or  impossible  to  go  on  wheels.    Its  advantages  are :     . 

(1)  The  carriage-saddle,  including  the  Hotchkiss  mountain  gun,  weighing  not  to 
exceed  220  pounds,  can  be  packed  on  one  mule,  whereas  it  requires  three  mules  to 
pack  the  gun  and  carriage  now  used — a  saving  of  two-thirds  in  transportation. 

(2)  The  gun  and  carriage-saddle  are  complete  within  themselves,  and  when  the  one 
mule  upon  which  it  is  packed  reaches  the  field,  we  Mre  ready  fur  :ictiou ;  whereas  with 
the  carnage  now  used  it  is  necessary  to  get  three  mules  on  to  the  field,  and  in  case 
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one  of  these  mules  should  become  detached,  or  escape  while  going  into  action,  the 
piece  would  be  wholly  unserviceable,  and  remain  so  until  the  Tarious  parts  conld 
be  collected  together. 

(3)  The  carriage-saddle  is  so  arranged  with  rings  that  with  the  ramrods  run  throngb 
these  we  have  handles,  and  should  the  mule  npou  which  it  is  packed  become  disabled 
within  a  reasonable  distance  from  the  point  of  action  the  men  necessary  to  work 
the  gun  can  pick  it  up  and  carry  it  to  the  field,  going  into  action  with  little  or  no  de- 
lay ;  whereas  with  the  gun  and  carriage  packed  on  thre^  mules,  should  one  or  all 
become  disabled,  there  are  not  men  enough  to  care  for  the  remaining  animals  and 
pack  the  parts  on  the  disabled  mules  to  the  point  of  action.  Here  the  gun  would  re- 
main  out  of  action  until  fresh  animals  could  be  secured.  In  our  Indian  warfare  by 
the  time  this  couhl  be  done  the  necessity  for  the  gun  would  have  passed. 

(4)  An  objection  might  be  raised  against  the  adopting  of  the  carriage-saddle,  as  at 
times,  on  practicable  roads,  the  regular  gun-carriage  could  be  used  with  greater  ease 
and  less  fatigue.  I  will  say  that,  as  the  carriage-saddle  with  gun  is  so  compact  and 
light  it  can  be  placed  in  a  wagon  while  marching  over  a  country  where  wagons  can 
be  t>aken,  and  it  is  not  my  intention,  nor  would  I  consider  it  advisable,  to  do  airay 
with  the  gun-carriage,  excepting  under  circumstauces  when  the  gun  cannot  be  trans- 
ported on  wheels. 

Believing  that  the  merits  of  the  gun-carriage  saddle  will  be  recognized  by  all  offi- 
cers  without  further  comment,  I  will  respectfully  submit  this  model  with  inclosed 
meager  description,  requesting  that  it  bo  presented  to  the  Board  of  Light  Artillery 
Officers  now  in  session  at  Washington,  D.  C. 

Very  respectfully,  your  obedient  servant, 

FRANK  D.  BALDWIN, 

Captain,  Fifth  Infantry. 
[First  indorsement.] 

Ordnanck  Office, 
Washington ^  September  2,  li^l. 

Respectfully  referred  to  the  president  of  the  Light  Artillery  Board,  for  considera- 
tion. 

JAS.  M.  WHITTEMORE, 

Acting  Chief  of  Ordnance. 
[Second  indorsement.] 

Light  Artillery  Board, 
Washington,  D.  C,  September  3,  I'SL 

Respectfully  returned  with  the  informatiou  that  the  Board  has  recommended  that 
one  carriage  be  made  for  trial. 

JNO.  C.  TIDBALL, 
Colonel f  A.  D,  C,  President, 
[Third  indorsement.] 

Ordxancr  Officb, 
Washington,  November  17,  1881. 

Respectfully  referred  to  the  commanding  officer  of  Watervliet  Arsenal,  in  connec- 
tion with  report  of  Light  Artillery  Board,  sent  him  on  the  16th  lust.    Model  sent  by 
express. 
By  order  of  the  Chief  of  Ordnance. 

JAS.  M.  WHITTEMORE, 

Lieut^ant'Colonel  of  Ordnance. 

DESCRIPTION  OF  THE  BALDWIN  IMOUNTAIN  GUN-CARRIAGE  SADDLE. 

DIMENSIONS. 

1  endeavored  to  have  the  model  made  to  the  scale  of  1  inch  to  4  iuche^. 
Not  having  the  exact  dimeunions  of  the  Hotchkiss  mountain  gan,  it  un- 
doubtedly will  be  found  necessary  to  modify  the  top  section  of  the  car- 
riage to  conform  to  the  size  of  this  gun.  It  may  also  be  found  necessary 
to  change  the  rear  trunnion-beds  so  as  to  bring  the  weight  of  the  gun 
over  the  center  of  the  animal's  back. 

DESCRIPTION. 

The  carriage-saddle  consists,  first,  of  two  sections,  attached  by  means 
of  a  strong  continuous  hinge  running  the  entire  length  of  the  top  sec- 
tion. At  each  corner  of  the  top  section  a  ring  is  attached,  tbrough 
which  the  ramrods  are  passed,  laying  along  the  side  of  the  carriage 
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while  in  transit,  and  in  case  it  becomes  necessary  for  the  men  to  carry 
the  gun  and  carriage  by  hand,  these  rings  can  be  turned  to  the  front 
and  rear,  the  ramrods  passed  through  them  at  right  angles  to  the  car- 
riage, whereby  handles  are  improvised,  which  will  enable  the  men  to 
move  the  piece  with  ease  and  to  points  inaccessible  for  animals. 

To  provide  for  the  elevation  of  the  gun,  a  thin  plate  of  steel,  fast- 
ened to  the  front  cross-bar,  extending  to  the  rear  under  the  gun  and 
over  the  rear  cross  bar.  To  regulate  the  elevation,  a  wedge  is  used. 
At  the  rear  end  of  the  top  section  is  a  round  iron  bar,  the  ends  of  which 
pass  through  the  sides  of  the  carriage  and  shaped  into  a  crank.  A 
washer  is  fitted  to  this  bar  close  to  the  sides  of  the  carriage,  which  pre- 
vent its  spreading.  On  the  inside,  attached  to  this  bar,  are  flanges, 
which  act  in  the  double  capacity  of  preventing  the  sides  from  closing 
in,  and,  when  the  lower  section  is  closed  together  and  standing  per- 
pendicular, holds  the  top  and  lower  sections  together  securely  by  the 
flanges  passing  down  into  the  slot«  cut  out  of  the  saddle-pads.  The 
bend  in  this  bar  is  to  give  the  necessary  room  to  secure  elevation  of 
the  gun. 

The  wooden  pads  attached  to  the  lower  section  inside  made  to  fit 
the  afiarajoe. 

At  each  end  of  the  lower  section  are  hooks,  which  are  used  to  pre- 
vent the  spreading  of  the  carriage  when  in  action.  When  packing  the 
carriage  these  hooks  will  be  secured  along  the  side  of  the  carriage  by 
inserting  the  point  of  the  hook  in  the  eye  on  the  runner. 

SEE  MODEL. 

To  be  made  of  J-inch  steel.  It  may  be  found  necessary  to  strengthen 
the  rear  part  of  the  top  section  to  keep  it  from  spreading  or  closing. 

GENERAL    INSTRUCTIONS   FOR    USING   AND   WORKING   THE    BALDWIN 

MOUNTAIN-GUN  CARRIAGE  SADDLE. 

Being  ready  for  action,  the  ramrods  removed  from  the  rings,  to  pre- 
pare it  for  packing  on  mules — 

(1)  Turn  the  cranks  on  each  side  around  to  the  front  until  they  stand 
perpendicular  to  the  sides.  This  will  turn  the  flanges  out  of  the  slots 
and  disengage  the  sides  of  the  carriage.  Then  unfasten  the  hooks  at 
each  end  of  the  lower  section  of  the  carriage,  turning  them  back  and 
along  the  side,  securing  them  in  the  runners.  This  done,  the  lower 
section  can  be  spread. 

(2)  Spread  the  base  of  the  carriage  about  2  feet,  each  side  equally, 
then  turn  the  cranks  down  so  that  they  will  lay  horizontally  with  the 
sides  of  the  carriage.  This  is  necessary  to  prevent  the  bar  coming 
down  onto  the  mule's  back. 

(3).  Turn  the  gun,  muzzle  to  the  rear,  placing  the  trunnions  in  the 
rear  trunnion-beds.  The  carriage  is  now  ready  and  in  shape  to  be 
placed  on  aparajoe. 

It  should  be  lifted  bodily  to  the  mule's  back,  the  lower  part  of  the 
carriage  next  the  mule  swinging  out  horizontally  to  prop  it  over  the 
back  of  the  mule,  lash  and  fasten  securely,  passing  the  lashings  through 
the  openings  in  the  lower  sections  and  not  over  the  runners,  as  it  would 
have  a  tendency  to  spring  the  sides  out  of  shape  and  spring  apart  the 
top  section,  besides  throwing  the  pads  off  the  aparajoe,  whereas  they 
should  be  lashed  down. 

After  the  carriage  is  properly  packed  put  the  ramrods  through  the 
rings  in  their  proper  place. 
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TO  PREPARE  FOR  ACTION. 

(1)  Bemove  the  ramrods;  unfasten  the  lashings;  lift  the  carriage 
from  the  male  by  passing  it  either  to  the  rear  or  over  the  side  and  place 
on  the  ground,  the  rupners  spread  about  2  feet. 

(2)  Turn  the  gun  muzzle  to  the  front,  placing  the  trunnions  Id  the 
front  trunnion-beds. 

(3)  Turn  the  cranks  up  to  first  position,  as  when  preparing  the  car- 
riage to  pack ;  close  the  lower  section  of  the  carriage ;  unfasten  the 
hooks  from  the  runners  and  secure  them  across  the  ends  of  the  carriage; 
turn  the  crank  down  to  original  position,  and  we  are  ready  for  action. 

The  ramrods  should  not  be  in  their  place  on  the  carriage  at  any  time 
while  the  carriage  is  being  put  in  condition  for  a-ction  or  for  packing. 

MATERIALS. 

The  principal  parts  of  this  carriage  are  of  Bessemer  steel  0.18-inch 
thick. 
The  trunnion-beds  and  cap-squares  are  of  bronze. 

A.  MORDECAI, 
Lieutenant- Colonel  of  Ordnance,  Commanding, 

Watbrvlibt  Arsenal,  N.  Y.,  1885. 
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Bessemer  sheet  steel  made  by  the  Albany  and  Bensselaer  Iron  and 
Steel  Company,  of  Troy,  and  graded  by  them  as  XXG,  or  gan-metal, 
containing  25  carbon,  was  believed  to  be  well  suited  to  the  parpose. 
The  thickness  to  be  used  for  the  different  parts  was  as  follows,  viz: 
Bottom,  sides,  and  ends,  0.12  inch;  top,  0.109  inch;  exterior  angle-irons 
and  bands,  0.109  inch ;  interior  angle-irons,  0.083  inch ;  principal  par- 
titions, 0.109  inch. 

GENERAL  CONSTRUCTION. 

As  the  chests,  like  all  the  metal  carriages  that  were  being  made, 
were  purely  experimental,  it  was  desirable  that  different  metiiods  of 
packing  the  ammunition  should  be  tried.  The  general  dimensions  of 
each  chest  had,  therefore,  to  be  arranged  to  suit  the  method  to  be  em- 
ployed in  it. 

The  first  order  for  fabrication  contemplated  three  chests  only — one 
for  use  with  a  caisson,  one  for  a  battery  wagon,  and  one  for  a  forge; 
and  as  the  first  had  to  be  fitted  after  the  method  proposed  by  Mr.  F.  L. 
Hagadorn,  these  three  chests  were  made  of  the  same  size  and  pattern, 
opening  to  the  rear,  the  side  being  hinged  at  the  bottom  and  taming 
down. 

When,  later,  instructions  were  given  to  fabricate  six  additional  lim- 
bers ibr  use  with  carriages  for  3.20-inch  wrought-iron  B.  L.  rifles, 
other  methods  of  packing  the  ammunition  were  devised  at  this  arsenal 
and  used  in  the  chests. 

In  some  of  the  first  chests  the  bottom  and  ends  were  made  in  one 
piece;  but  as  the  fitting  of  the  plates  was  found  very  troublesome,  each 
side  in  the  subsequent  chests  was  a  single  piece. 

For  all  the  chests  homogeneous  steel,  from  Park  Brother  &  Ck).,  of 
Pittsburgh,  was  used  in  the  top,  as  this  piece  was  bent  double  on  all 
four  sides  to  stiffen  the  projecting  edges,  and  in  the  chests  opening  to 
the  rear  a  flange  also  was  turned  by  which  the  top  was  riveted  to  the 
sides  of  the  chest.  This  metal  was  bent  cold ;  the  other  metal  it  was 
found  could  not  be  so  treated  with  safety,  even  when  heated  with  the 
facilities  at  hand. 

In  all  the  chests  rivets  only  were  used  to  unite  the  parts. 

To  render  the  chests  water-tight,  a  packing  box — a  narrow  trongh  of 
metal — extends  around  the  open  side.  In  this  is  placed  rubber  tubing, 
against  which  the  lid  closes  and  is  pressed  tightly  by  the  fastenings. 
In  the  chests  opening  on  top  the  packing-box  is  without  on  all  the 
sides,  while  in  those  that  open  to  the  rear  the  packing-box  at  the  top 
is  within. 

Several  styles  of  fastening  for  lid  of  chest  were  made,  but  the  best 
was  that  devised  by  Lieut.  W.  B.  Oordon,  Ordnance  Department, 
shown  in  detail  on  Plate  3.  It  operates  by  an  eccentric,  and  was  used 
alone  on  all  the  chests  except  that  of  pattern  No.  1,  Plate  2. 

The  lid  of  the  chests  that  open  to  the  rear  is  held,  when  open,  by 
chains  with  snap  hooks.  These  are  necessary,  though  the  hinges  are 
formed  to  prevent  the  lid  falling  below  the  horizontal.  The  chains  can 
be  detached  from  the  lid  and  crossed  and  hooked  in  rear  of  the  chest. 

In  the  seven  chests  made  and  fitted  for  ammunition,  the  method  of 
packing  used  was  as  follows :  1,  that  of  Pattern  No.  I,  Hagadorn 
(Plate  2);  2,  that  of  Pattern  No.  2,  (Plate  3) ;  2,  that  of  Pattern  No.  3 
(Plate  4);  1,  that  of  Pattern  No.  4  (Plate  6);  1,  that  of  Pattern  No.  5 
(Plate  6). 
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Chxst  of  Pattern  No.  1,  Haoadorm's. 

(Plate  II.) 

The  projectiles  in  this  chest  are  carried  in  four  trays,  11  inches  eaoh. 
The  cartridges  are  in  two  drawers  above  the  projectiles,  and  for  the 
friction  primers  is  provided,  in  each  drawer,  a  box  with  a  lid. 

The  trays  are  composed  of  a  piece  of  sheet  metal,  forming  the  bottom 
and  ends ;  of  three  cnrved  pieces,  and  a  head-rest  and  a  tail-rest  that 
support  and  confine  the  projectiles;  of  bronze  castings  that  act  as  sepa- 
rators to  the  cnrved  sheets ;  of  tie  rods  and  braces  to  stiffen  the  con- 
struction; of  rollers  to  facilitate  moving  the  loaded  trays,  and  of  spring 
catches  by  which  they  are  held  in  place. 

The  head  rest  is  formed  of  two  plates,  confining  rnbber  rings  that 
receive  the  forward  ends  of  the  projectiles.  The  tail-rest,  of  metal  or 
wood,  has  a  rubber  strip  on  its  upper  surface,  on  which  the  lower  tier 
of  projectiles  rest. 

When  a  front  tray  hafi  been  emptied,  it  is  withdrawn  and  exchanged 
with  the  full  one  behind  it. 

The  cartridge-drawers  rest  upon  pieces  of  angle-iron.  They  are  of 
copper,  stiffened  on  the  bottom  by  sheet-iron,  bent  to  form  ribs,  and 
riveted  to  the  copper.  Stops  on  the  under  side  of  the  top  of  the  chest 
prevent  the  drawers  from  being  drawn  out  entirely.  One  drawer  has 
two  flat  fixed  handles,  over  recesses :  the  other  has  two  movable  wire 
handles,  closing  into  depressions.  The  lids  of  the  primer  boxes  are 
controlled  by  springs. 

Chbst  op  Pattern  No.  2. 
(Plate  III.) 

The  filling  for  this  chest  was  suggested  by  that  proposed  by  Mr. 
Hagadom  several  years  before  for  the  wooden  ammunition-chest.  One 
half  of  the  chest  is  fitted  with  metal  partitions  for  23  projectiles,  rest- 
ing point  downward  on  rubber  rings ;  the  other  half  contains  cylinders 
of  paper,  in  which  the  projectiles  are  placed,  resting  on  rubber  rings. 

The  metal  partitions  are  riveted  to  a  band  of  sheet  metal,  and  are 
separated  and  stiffened  by  braces  riveted  to  them.  The  partitions  are 
stiffened  in  themselves  by  being  wired  along  their  upper  edge. 

The  paper  cylinders  are  united  by  rivets  and  bolts,  and  have  no  band 
between  them  and  the  chest. 

A  compartment  in  the  center  of  the  chest,  between  the  projectile- 
holders,  contains  some  of  the  cartridges,  and  the  remainder  are  stored 
in  three  trays,  which,  supported  above  the  projectiles  by  pieces  of  wood 
and  metal  at  the  front  and  rear  of  the  box,  can  be  moved  sideways  and 
allow  the  projectiles  to  be  reached  without  the  trays  being  removed. 
The  space  toward  the  center  between  two  trays  carries  the  equipments 
for  the  gun. 

The  metal  parts  of  the  filling  and  the  trays  are  of  galvanized  iron, 
which  is  also  used  for  the  same  purpose  in  all  the  chests. 

On  the  rear  of  the  chest  (front  when  on  the  limber)  are  sockets  and 
spring  clasps  for  two  felling-axes  and  for  two  watering-buckets ;  the 
bails  of  the  latter,  passing  up  between  the  chest  and  the  foot-board,  are 
hooked  to  the  chest.    This  is  the  same  for  all  the  chests  except  No.  1. 

On  all  the  chests,  except  No.  1  and  one  of  Pattern  No.  2,  the  lower 
end  of  the  front  branch  of  each  handle  (see  Plate  lY)  is  turned  into  a 
hook  for  carrying  the  prolonge;  the  rope  is  passed  back  and  forth  over 
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the  hooks  arid  nnder  the  chest  and  hounds  in  rear  of  the  axle,  and  the 
loose  end,  if  not  reaching  a  hook,  is  lashed  where  it  may  come  to  the 
rope. 

Crest  of  Pattern  No.  3. 

(Plate  IV.) 

The  filling  of  this  chest  is  a  modification  of  that  of  Hagadorn's  in 
Pattern  No.  1. 

The  projectiles  are  horizontal  in  the  trays  instead  of  being  inclined. 
The  rear  tra.vs  are  bolted  in  the  chest,  the  front  ones  only  being  mov- 
able. These,  when  emptied,  are  withdrawn  and  kept  on  the  open  lid  or 
on  the  top  of  the  chest  while  the  projectiles  in  the  rear  trays  are  being 
removed. 

Two  trays  are  entirely  of  metal,  the  other  two  of  pa])er  cylinders 
within  a  metal  baud.  The  front  trays  have  metal  backs  to  support  the 
rubber  rings.  Rods  across  the  open  spaces  at  the  ends  of  the  trays 
serve  as  handles.  No  rollers  or  catches  are  used,  and  the  vertical  motion 
of  a  tray  is  prevented  by  rubber  washers  riveted  on  top. 

Two  compartments  above  the  projectiles  contain  the  cartridges  and 
equipments.  The  front  of  these  spaces  is  not  entirely  closed,  but  one- 
half  of  each  front  is  hinged.  When  closed  it  is  retainetl  by  a  spring- 
catch  at  each  end. 

The  trays  contain  the  same  number  of  projectiles  and  are  much  simpler 
and  less  expensive  than  Uagadorn's.  They  are  similar  to  the  holders  in 
chest  of  Pattern  No.  2. 

CiiKST  OF  Pattern  No.  4. 
(Plate  v.) 

The  projectile-holders  in  this  chest  were  suggested  by  some  used  by 
the  Italian  artillery. 

Each  half  of  the  chest  is  divided  by  vertical  partitions  into  four  com- 
partnjents  of  one  size,  and  a  fifth  larger;  in  each  of  the  first  four  is 
placed  a  sliding  holder,  which  contains  five  projectiles,  separated  at 
two  points  by  semicircular  bands  of  iron,  and  resting,  point  downward, 
on  rubber  rings.  A  dropping  handle  is  attached  to  the  front  of  each 
holder. 

The  two  compartments  adjacent  to  the  center  partition  are  provided 
each  with  a  copper  box,  with  lid,  for  friction  primers.  These  spaces 
carry  also  the  equii)ments  for  the  gun. 

The  cartridges  are  packed  in  two  compartments  above  the  projec- 
tiles; a  portion  of  the  front  of  each  is  hinged  and  has  two  dropping 
handles ;  when  closed  these  plates  are  held  by  spring  catx^hes  at  the 
ends;  the  hinges  are  formed  to  prevent  the  fronts  falling  much  below 
the  horizontal,  so  that  they  are  closed  by  the  lid  of  the  chest  when  it 
is  raised. 

Chest  of  Pattern  No.  5. 

(Plate  VI.) 

The  left  half  of  this  chest  and  the  compartments  for  cartridges  are 
identical  with  x)attern  No.  4;  the  filling  in  the  right  half  was  designed 
by  Lieutenant  Gordon,  Ordnance  Department. 

In  this  last  method  the  first  tier  of  projt^ctiles  is  placed  upon  strips 
on  the  bottom  of  the  chest,  six  in  the  rear  row,  base  to  the  rear,  and 
five  in  the  front  row,  base  to  the  front.    The  bolts  in  the  projectiles  of 
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the  rear  row  enter  holes  in  a  fixed  plate,  the  bolts  in  those  of  the  front 
row  enter  holes  in  a  movable  binding-plate,  and  the  points  of  the  pro- 
jectiles of  both  rows  enter  holes  lined  with  rubber  in  a  second  movable 
binding- plate.  These  plates  are  hinged  to  the  bottom  of  the  chest,  and 
when  raised  press  firmly  against  the  projectiles,  and  are  held  by  spring 
catches,  the  levers  of  which  extend  to  the  front  of  the  chest  (rear,  the 
chest  being  on  the  limber). 

The  second  tier  of  projectiles,  arranged  in  all  respects  similar  to  the 
first,  is  supported  on  a  shelf  riveted  to  the  chest. 

Above  each  tier  is  a  si)ace  proposed  to  be  utilized  for  the  equipment. 

This  filling  is  very  expensive,  and  was  notfouud  so  satisfactory  as  had 
been  hoped ;  therefore  it  was  introduced  in  only  one-half  of  one  chest. 
It  stores  the  projectiles  more  compactly  than  any  of  the  other  methods, 
bat  in  many  respects  is  objectionable. 

CAPACITY   OF   CHESTS. 

Rounds. 

Pattern  No.  1 44 

Pattern  No.  2 46 

Pattern  No.  3 44 

PatteniNo.  4 40 

Pattern  No.  5 : 

Ri^rhthalf 22 

Left  half 20 

WEIGHTS  OF  CHESTS,  WITH  FILLING. 

Pounds. 

No.  1 330 

No.  2 292 

No.  3 315 

No.  4 347 

No.  5 :J51 

Either  chest  without  filling  weighs  about  218  pounds. 

DISPOSITION  MADE  OF  LIMBERS. 

One  limber  with  chest  No.  1  and  one  limber  with  chest  No.  2  issued 
to  Light  Battery  F,  Fifth  United  Stat.es  Artillery,  Fort  Hamilton,  New 
York  Harbor:  one  limber  with  chest  No.  2  and  one  limber  with  chest 
No.  4  sent  to  Benicia  Arsenal,  California,  for  use  of  Light  Battery  K, 
First  United  States  Artillery ;  one  limber  with  chest  No.  3  sent  to 
United  States  Military  Academy,  West  Point,  N.  Y.;  one  limber  with 
chest  No.  3  sent  to  United  States  Artillery  School,  Fort  Monroe,  Va. 

Chest  No.  6  was  issued  on  limber  of  caisson  to  Light  Battery  F,  Fifth 
United  States  Artillery,  Fort  Hamilton,  New  York  Harbor. 

COST. 

Each  limber  and  chest,  complete,  with  filling,  cost  about  $650 ;  but  as 
they  were  entirely  experimental,  and  as  the  work  was  commenced  with- 
out perfected  drawings  or  designs,  much  expense  was  incurred  in  ex- 
perimenting and  in  alterations,  in  learning  the  workmen,  and  in  tools; 
therefore  tlie  figures  giv^en  are  much  above  what  such  constructions 
would  cost  when  made  by  the  quantity  after  the  pattern  may  have  been 
fully  determined. 

A.  MOKDEOAI, 
Lieutenant- Colonel  of  Ordnance^  Commanding. 

Watbrvlibt  Arsenal,  New  York,  1S85. 
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Appendix  5  7. 


ORT  OF  TBS  CONSTRUCTION  OF  A    FIELD  CARRIAGE  FOR  'S,2-JNCB 
STEEL  BREECH'LOADINO  RIFLE,  AT  WATERVLIET  ARSENAL. 

(1  plate.) 

Watbbvlibt  Assenal,  N.  Y. 

n  March,  1884,  the  commanding  officer  of  this  arsenal  was  directed 
abricate  a  metal  carriage  for  the  3.2'inch  steel  rifle  then  in  course  of 
istruction  at  the  Watertown  Arsenal. 

The  carriage  made  for  the  3.2  inch  wrought-iron  B.  L.  rifle  described 
the  report  of  the  Chief  of  Ordnance,  U.  S.  Armj^  for  1884,  Appen- 
1  34,  was  taken  as  the  model,  and  such  modifications  adopted  as  were 
manded  by  the  differences  in  the  gnu  to  be  used. 
As  the  steei  rifle  was  to  have  the  French  breech  closure,  instead  of 
e  German  one  used  in  the  3.2  inch  converted  rifles,  the  elevating  ap- 
iratus  had  to  be  remodeled,  that  it  could  in  no  way  interfere  with  the 
p^in^  of  the  breech.  This  was  accomplished  by  removing  the  hand- 
heel  and  axle  that  operated  the  elevating  screw,  and  substituting  a 
tank,  shaft,  pinion,  and  small  gear,  so  that  the  power  would  be  applied 
i  the  right  side  of  the  stock. 

A  wooden  handspike  and  socket  were  substituted  for  the  iron  band- 
(pike,  and  the  axle  plates  were  reduced  one-sixteenth  inch  in  thickness, 
IB  proposed  by  the  Ordnance  Board  (Report  of  Chief  of  Ordnance  for 
vS83,  page  315). 

In  the  original  construction  the  steel  cheeks  were  not  changed. 

All  the  parts  that  differed  from  those  of  the  model  carriage  are  shown 
B  detail  in  the  plate. 

The  carriage  was  completed  in  the  month  of  June,  and  sent  to  the 
iindy  Hook  proving  ground.  Sixty  rounds  were  fired  from  it  by  the 
)r(lTianGe  Board,  and  some  additional  rounds  by  the  ^^  Board  for  Test- 
Q|i:  Rifled  Cannon,"  &c. 

On  October  1  the  Ordnance  Board  reported  that  the  carnage  had 

?ven  way  so  far  as  to  render  repairs  necessary  before  further  firing 

w\A  be  made. 

The  commanding  officer  of  this  arsenal  was  then  direct^^d  to  proceed 

0  Sandy  Hook  and  confer  with  the  Ordnance  Board  in  regard  to  what 

ilteratioDs  would  be  most  advisable.    It  was  decided  that  the  principal 

ihange  shoald  be  in  the  substitution  of  longer  cast-steel  cheeks  for 

hose  in  the  carriage. 
The  injury  was  in  rear  of  the  cheeks,  the  trail  and  cheek  plates  having 

)Qckled  and  bent  outward  to  such  an  extent  as  to  render  the  carriage 

inserviceable. 
The  carriage  having  been  returned  to  this  arsenal,  cheeks  of  cast  steel 

ihown  in  plate,  obtained  from  I.  O.  Johnson  &  Co.«  Souvten  DuvrU  V 

4625  OED i'> 
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Y.,  were  introduced,  and  some  minor  repairs  made.  The  left  journit 
box  of  elevating  nut  had  to  be  cut  in  two  before  it  could  be  placed  ii 
position. 

Agaifi  on  April  11  the  Ordnance  Board  reported  *'  that  the  steel  field 
carriage  received  back  from  Watervliet  Arsenal,  repaired  and  modified, 
has  broken  down  after  enduring  139  rounds." 

Fracture  of  the  lower  angle  irons  through  rivet  holes  and  buckling 
of  the  trail  in  rear  of  the  cheeks  had  taken  place,  showing  weakness  ii 
construction. 

The  large  charges  used  with  so  light  a  gun  caused  strains  beyond  what 
the  structure  could  stand. 

The  broken  carriage  has  been  sent  from  here  to  the  National  Armory, 
that  such  parts  as  may  be  suitable  can  be  used  in  a  carriage  of  different 
construction  being  fabricated  at  that  place. 

A.  MOKDEOAI, 
LieutefMnt-OoUmel  of  Ordnance^  Commanding, 
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Appendix    58. 


REPORT  OF  THE  CONSTRUCTIOy  OF  A  CAISSON  AND  A  BATTERY  WAGON 
OF  METAL  FOB  FIELD  SEBVICE.AND  OF  A  WAQON  FOR  AMMUNITION 
COLUMNS,  AT  WATEBVLIET  ABSENAL. 

(5  plates.) 

WATEBVLIET  ABSENAL. 

The  caisson  and  battery  wagon  of  metal,  and  the  wagon  for  artillery 
ammnnition,  fabricat'ed  at  this  arsenal,  were  proposed  by  the  Board  of 
Light  Artillery  Officers  convene<l  by  virtue  of  General  Orders  No.  39, 
Headquarters  of  the  Army,  A.  G.  O.,  Washington,  April  28, 1881.  All 
the  details  were  worked  up  at  this  arsenal. 

The  views  of  the  Board  as  regards  these  carriages,  and  also  in  refer- 
ence to  a  field  forge,  are  shown  in  the  following  extract  iix>m  its  pro- 
ceedings : 

THE  CAISSON. 

The  limber  of  the  caiason  to  be  similar  to  and  interchangeable  with  that  of  the 
piece. 

The  frame  of  the  caiason  body  to  be  of  iron  or  steel,  and  have  a  single  steel  chest 
capable  of  carrying  for  the  3.20 -inch  gun  about  80  rounds  nf  ammunition.  The  lid  of 
the  chest  to  be  movable,  instead  of  the  back,  and  the  projectiles  to  be  place<l  on  end,.* 
and  the  catridges  to  be  carried  in  8  trays  placed  over  the  projectiles.  In  this  con- 
nection attention  is  invited  to  the  Hagadorn  system  of  carrying  ammunition,  now  on 
trial  in  Light  Battery  K,  First  Artillery. 

The  ch<«t  to*1)e  placed  in  proper  position  for  counterpoise,  leaving  a  small  platform 
in  front  and  rear. 

The  method  and  place  of  carrying  the  spare  wheel  and  nole  to  be  the  same  as  in 
the  present  model,  and  the  caisson  body  to  be  provided  with  a  simple  brake  lever. 

The  board  recommends  that  the  gun  carriage  and  caisson  for  the  heavier  field  gun, 
aH  well  }i8  their  equipment,  be  similar  to  those  for  the  lighber,  with  such  modifications 
as  the  greater  weight  and  dimension  of  the  gun  and  projectile  require. 

THS    BATTBRT  WAOON. 

That  the  wheels  of  the  battery  wagon  be  interchangeable-  with  all  other  wheels 
in  the  battery,  and  the  limber  be  similar  to  ail  other  limbers ;  and  that  the  chest  only 
differ  in  its  internal  arrangement,  being  provided  with  drawers  for  the  safe  and 
convenient  carriage  of  tools  and  stores. 

That  the  frame  of  the  battery  wagon  be  the  same  as  that  of  the  caiason,  except 
that  the  rails  be  longer  to  the  rear.  That  the  box  be  made  of  iron  or  stei^l,  and  rect- 
angular in  shape,  with  a  sloping  roof,  and  to  have  a  longitudinal  strip  along  the 
roof,  to  which  the  two  sloping  lids  can  be  hinged.  The  box  to  be  80  inches  long  and 
40  inches  wide,  20  inches  high  at  the  sides,  and  J^  inches  high  at  the  center.  There 
.should  be  a  till  12  inches  wide  across  the  front  end  of  the  box;  the  bottom  of  the  till 
12  inches  above  the  bottom  of  the  box,  and  the  sides  of  the  till  to  be  carried  up  to  the 
roof.  There  should  be  a  longitudinal  partition  dividing  the  box,  but  not.  the  till,  into 
two  halves. 

The  outside  of  the  box  to  have  six  1^-inch  rin^s  on  each  side  and  three  on  each  end« 
The  rin^s  to  be  of  three-eighths  iron  and  to  be  lastened  about  3  inches  below  the  top 
of  the  Bides  and  ends,  as  shown  in  plates  2  and  3. 

659 
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WAGON  FOR  AinrUNrnON  COLUMNS. 

The  Board  is  of  opinion  that  a  wagon  of  easy  draft  and  good  capacity  ahonld  be 
devitied  for  the  transport  of  spare  ammunition. 

It  shonld  have  a  wooden  instead  of  a  canvas  cover  and  should  carry  two  span 
wheels  for  field-artillery  carriages. 

THB  FORGB. 

That  the  wheels  of  the  forge  be  interchangeable  with  all  other  wheels  in  the  bat- 
tery, and  that  the  lipaber  be  similar  to  all  other  limbers,  and  that  the  chest  onh 
differ  in  it«  internal  arrangement,  being  provided  with  drawers  for  the  safe  and  cod- 
venient  carriage  of  tools  and  stores. 

That  the  forge  body  be  made  of  iron  or  steel,  to  have  a  rotary  fan,  and  generally  U 
be  of  the  form  and  arrangement  snggested  by  Col.  T.  T.  S.  Laidley,  Ordnance  Depart- 
ment, in  Ordnance  Note  No.  69,  of  1^7. 

The  Board  recommends  below  what  the  contents  of  the  forge  and  batt«ry  wagot 
shonld  be,  and  omits  the  details  for  their  stowage  and  arrangement,  which,  together 
with  the  strength  and  dimensions  of  the  parts  of  the  carriages,  they  believe  can  best 
be  determined  by  the  constructors. 

It  is  recommended,  however,  that  both  the  battery  wagon  and  forge  be  provided 
with  a  simple  lever  brake,  as  suggested  for  the  caisson,  and  that  all  carriages  be  fur- 
nished with  pole- props  and  painted  a  light  green  olive  color,  trimmed  with  black.  The 
poles  single-trees,  and  the  nandles  of  all  tools  and  implements  to  be  oiled  and  left  the 
natural  color  of  the  wood. 

That  part  of  the  pole  which  comes  into  contact  with  the  leg-guard  of  the  wheel 
driver  to  be  protected  from  wear  by  copper  or  other  material. 

EQUIPMENT  OF  CARRIAGES. 

The  gun,  I  breech  and  vent  cover,  1  tompion. 

GUN  CARRIAGE. 

The  tools,  implements,  and  equipments  required  for  the  mechanism  and  service  of 
the  gun. 

LIMBER  OF  PIECE. 

One  paulin,  12  by  15  feet ;  1  prolonge,  to  be  wound  on  hooks  placed  in  rear  of  axle,  tht 
plane  through  the  hooks  to  be  horizontal ;  1  grease  box,  to  hold  3  pounds,  to  be  placd 
nnder  the  limber;  3  watering  buckets,  to  be  of  leather,  copper  riveted,  and  hung  bj 
means  of  snap  hooks  under  the  foot-boaids  and  as  high  from  the  ground  as  possible: 
2  axes,  felling. 

LIMBER  OF  CAISSON. 

One  paulin,  12  by  15  f  »et ;  1  3-inch  rope,  50  feet  in  length,  with  6-inch  loops  at  botb 
ends,  to  be  carried  as  prescribed  for  the  prolonge ;  one  8-ounce  ^raduatc^  powdt: 
measure ;  3  water  buckets,  to  be  carried  as  prescribed  for  limber  of  piece ;  1  grease  box 
as  per  piece  limber;  2  axes,  felling. 

CAISSON  BODY. 

I  spare  wheel,  1  spare  pole,  3  shovels, 

4  spades,  1  mattock.  1  pick, 

I  single-tree,  1  wheel  trace,  1  lead  trace 

The  limbers  of  the  battery  wagon  and  forge  to  be  equipped  as  prescribed  for  tt- 
limbers  of  the  caissons,  except  tuat  forge  will  have  an  iron  forge  bucket. 

The  bodies  of  these  carriages  to  be  provided  with  1  mattock  and  1  spade. 

That  the  cartridge  pouch  be  as  at  present  prescribed,  but  to  have  the  foUowir!. 
dimensions,  viz :  12  inches  high  and  12  inches  wide. 

That  the  lanyard  be  of  strong  cod  line,  two-tenths  inch  in  diameter  and  60  inch^ 
in  length,  with  a  hook  at  one  end  and  a  stirrup-shaped  leather  handle  at  the  othc? 
with  knot  and  sliding  cylinder,  as  shown  in  plate  5. 

The  Board  recommends  that  the  portable  harness  rack  proposed  by  Capt.  H.  <. 
Gushing  be  adopted  and  carried,  and  that  it  be  manufactured  and  issued  for  tris 
(See  plate  4,  and  for  description  appendix  marked  A.) 

That  one  Stevens  combination  rule  be  carried  with  each  piece. 
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TOOLS  AND  STORKS  TO  BB  CABRIBD  IN  FOROE. 

Blaeknnith^s  tooU. 

anvil,  100  pounds. 

anvil-hlocK. 

aprons,  smith's. 

brash,  horse-tail. 

bucket  for^e. 

boxes  shoeins,  leather. 

calipers,  smith's. 

chisels  for  hot  iron,  handled,  assorted. 

chisels  for  cold  iron,  handled,  assorted. 

chisels,  cold  hand. 

compass,  common. 

oil  dropper,  pint,  brass. 

IvrcVtoabove  H  ''"**''^' *"' "'"'  *"''  "'^*8«- 

drills,  assorted,  for  brace,  hand. 

files,  smith's,  assorted. 

file-handles,  patent. 

fuller,  handled. 

hammer,  hand,  handled. 

hammer,  riveting,  handled. 

hammers,  shoeinii;,  handled. 

hammer,  sledge,  Handled,  9-pound8,  steel  faoed. 

hardies. 

shoei  ng-kni  ves. 

oil-stone,  2  pounds. 

pincers,  shoeing. 

pincers,  small. 

poker. 

pritchel,  or  clinchlng-iron. 

punch,  round,  hand. 

punch,  square,  hand. 

punch,  fore,  hand. 

punch,  ronnd,  handled. 

punch,  square,  handled. 

punch,  center,  hand. 

punch,  nail,  hand. 

rasps,  shoeing,  16-inoh. 

screw-driver,  hand. 

shovel,  coal. 

shovel,  smith's. 

wedges,  bottom  and  top,  1  set  each. 

split  broom. 

square,  steel. 

tongs,  smiths'. 

vises,  hand,  small  and  large. 

vise,  on  forge. 

wrench,  monkey,  patent. 

wrench,  tap. 

260  pounds  coal,  bituminous. 

f  2  chains.  Nos.  1  and  2 feet. 

250  caulks,  horse  shoe. 
500  horseshoes.  Burden. 

1  oil,  sperm,  quart  can. 
80  nails,  Globe,  pounds,  Nos.  7, 8,  and  9. 

Nuts  and  bolts  and  washers;  assorted  and  adapted  to  the  carriages. 
25  iron,  bar,  flat,  assorted,  pounds. 
25  iron,  round,  assorted,  pounds. 
25  iron,  bar,  square,  assorted,  pounds. 
50  links,  cold,  shut,  Nos.  3  and  5. 
6  linchpins  and  washers. 
5  steel,  blister,  pounds. 
5  steel,  cast,  pounds. 
25  hooks  (double  8),  Nos.  1  and  2. 
10  tire-bolts. 
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Saddler's  tooh, 
2  aprons,  saddler's. 
1  awl,  strap. 
12  awls  and  handles,  assorted. 

1  clamp,  stitching ;  to  be  constructed  to  take  apart  for  packing. 
1  claw  tool. 
1  compass,  common. 

1  creaser,  ligDum-vita3. 

2  edge  tools,  Nos.  1  and  2. 
1  gauge,  draw. 
1  hammer,  saddler's. 
I  knife,  channel. 
1  knife,  splitting,  6-inch. 

1  knife,  half-round. 

2  knives,  shoe. 

I  mallet,  half-round,  hand. 
100  needles,  assorted. 
5  needles,  collar. 
24  needles,  sail. 
1  nippers,  cutting. 
1  oil-stone. 
1  palm,  sailor's. 
1  pincers,  pair. 
1  pliers,  pair. 

1  prickine  carriage  and  3  wheels,  No«.  8, 10,  and  12. 
1  punch,  hand. 
1  punch,  spring,  revolving. 
1  rivet,  set. 
1  rule,  2- foot. 

1  sandstone. 

2  scissors,  |)airs. 

1  8crew-dnver,:i-inch. 

1  shears,  pair,  6-inoh  blade. 

4  thimbles. 

Stores. 
1    beeswax,  pound. 
1    blackwax,  pound. 

1  bolts,  halter,  dozen. 

2  bristles,  ounces. 

2  buckles,  dozen,  iron-roller,  assorted. 

2  buckles,  Carnes's  patent,  dozen,  assorted. 

1  buckles,  bar,  dozen,  assorted. 

1  buckles,  girth,  dozen. 

2  leather,  bridle,  sides. 

75    leather,  harness,  pounds. 

2  rings,  dozen. 

3  rivets  and  burs,  copper,  assorted,  pounds. 

2  staples,  dozen. 

3  tacks,  iron,  papers  of. 

2  tacks,  copper,  papers  of. 

2^  thread,  patent,  shoe,  pounds. 

3  thread,  shoe,  pounds. 

NoTB  2. — That  in  addition  to  abore  tools  and  stores  the  Board  request  that  t^ 
Ordnance  Department  add  such  other  tools  and  stores  as  may  be  required  for  the  i>] 
pair  of  the  iron  carriage  furnished. 

Note  3. — The  sizes  of  horseshoes  required  should  be  designated  in  the  reqnisitioii 
but  in  cases  when  this  is  not  done  the  following  should  be  the  proportion :  40  p^ 
cent,  of  No.  3,  55  per  cent,  of  No.  4,  and  5  per  cent,  of  No.  5. 

TOOLS  AND  STORES  TO  BE  CARRIED  IN  THE  BATTERY  WA002C. 

Wheelwright  artd  oarriagemaker'a  tooU, 

4  augers,  with  patent  handles,  f,  1,  1<|,  and  2  inch. 

1  auger,  tenon,  adapted  to  the  mortise  of  the  wheels. 
12  awls,  brad,  assorted. 

2  awl-handles,  patent,  for  above. 
1  awl,  scratch. 
1  axe,  broad  (bandied). 


REPORT  OF  THE  CHIEF  OF  ORDNANCE.         663 

1  bevel-Bquare. 

1  50-foot  tape  measure. 

1.  brace,  hand,  metal,  patent. 

24  bit«  for  brace,  hand,  assorted. 

3  brace  extensions  for  above,  6,  12,  and  15  inch. 

1  chalk-line  on  spool. 

2  chalk,  pounds. 

4  chisels,  handled,  firmer,  f ,  1, 1^,  and  li  inch. 

5  chisels,  handled,  framing,  ii  f  ^  1,  li«  and  2  inch. 
1  compass,  spring. 

1  drawing  knife. 

12  files,  hand-saw,  4i-inoh. 

2  files,  wood,  fiat,  10-inch. 

2  files,  wood,  half-ronnd,  10-inch. 

2  files  for  cross-cut  saws. 

1  gauge,  carpenter. 

6  gimlets,  assorted. 

3  gonges,  firmer,  handled,  |,  1,  and  1^  inch. 

2  gouges,  framing,  handled,  1  and  Ij  inch. 
1  grindstone,  14  by  4  inches. 

Arbor,  crank,  and  stand  for  grindstones ;  the  frame  to  be  made  so  as  to  take  apart 
and  pack  flat. 
1  hammer,  claw,  handled. 
1  hatchet,  claw,  handled. 
1  mallet,  carpenter. 
1  oil-stone,  l^-pound. 
1  oil-dropper,  pint,  brass. 
1  pincers,  small. 

1  plane,  fore,  2^iQch,  double  irons. 
1  plane.  Jack,  2f-inch,  double  irons. 

1  plane,  smoothing. 

2  plane-irons,  2^inch. 

1  rule,  2-foot,  four-fold. 

1  rasp,  wood. 

1  saw-frame,  complete. 

6  saw-frame  blades,  assorted. 

1  saw,  hand,  cross-cut,  26-inch. 

1  saw,  tenon,  14-inch. 

1  saw,  cross-cut,  handled,  5-inch. 

1  saw  set,  patent. 

2  screw-drivers,  6  and  12  inch. 
1  screw-driver  for  brace  hand. 
1  square,  trying,  7^inch. 

1  spoke-shave. 

3  screws,  gross,  assorted. 

1  vice  bench,  wood,  complete  (iron  screw). 

MISCELLANEOUS  STORES. 

6  gas-checks  for  gun. 

6  lanyards. 

6  lanterns,  hurricane,  kerosene. 

5  oil,  kerosene,  gallons. 
75  grease,  wheel,  pounds. 

25  nails,  4,  6,  8,  10,  p.  pound. 

6  spokes. 

1  lifting-jack  (lights). 

2  reaping  hooks. 
6  side  lines. 

2  wheel  traces. 

2  lead  traces. 
20  whips. 

6  collars. 
16  hair  cinches. 

6  bridles. 
12  halters. 
25  hamo  straps. 
12  halter  chains. 
20  nose  bags. 

6  sash  cord  pieces. 

5  marline,  pounds. 
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1  elevating  screw. 

1  hunies,  pair. 

2  pole  pacts. 

1  leg  guard. 

2  tompions. 

2  single-trees. 

1  sight,  telescopic. 

1  sight,  ordinary. 

1  sight,  muzzle.^ 

1  odometer. 

5  cotton  waste,  pounds. 

1  ordnance  manual. 

5  sets  knives,  forks,  spoons,  meat  ration  cans  and  haversacks  and  tin  cux^ 

1  pole  yoke. 

6  priming  wires. 

3  gunners  gimlets. 

3  vent  punches. 

4  rammer  heads. 

4  sponge  heads. 
6  sponges. 

6  sponge  covers. 
25  curry-combs. 

6  horse  covers,  canvas. 
25  brnshes. 
10  spurs  and  straps. 
20  surcingles. 
25  blankets. 

5  paint,  olive,  mixed  in  oil,  pounds,  to  be  packed  in  1-pound  .cans  with  screw  tops. 

2  paint,  black,  pounds. 

2  oil,  linseed,  raw,  gallons. 
<!  oil,  linseed,  boiled,  gallons. 

1  turpentine,  spirits  of  gallon. 

6  brushes,  paint,  assort^. 

2  sash  tools,  assorted. 

5  sand  paper,  assorted,  quires. 

3  cloth,  emery,  assorted,  quires. 
5  cloth,  crocus,  quires. 

25  tripoli,  papers. 
2  rotten  stone,  pound. 
2  oil,  sperm,  gallons. 

4  oil,  neatVfoot,  gallons. 

10  oil,  harness,  Collins,  prepared,  gallons. 
20  soap,  castile,  pounds. 
10  sponge,  pounds. 

2  logwood,  extract,  pounds. 

2  lampblack,  pounds. 
50  grease,  wheel,  pounds,  to  be  issued  in  2-pound-cans  with  screw  tops. 

1  gAUffe  for  fitting  bits  to  horses,  to  consist  of  a  graduated  mouth-piece  and  one 
aogustable  check-piece. 

In  a  report  sabmitted  by  me  in  accordance  with  inBtractions  of  the 
Ohief  of  Ordnance,  United  States  Army,  the  following  relates  to  the 
constraction  of  these  carriages : 

CAISSON. 

Wrought  iron  should  be  employed  for  the  caisson  body,  for  the  same 
reason  as  above,  and  homogeneous  steel  might  be  used  for  the  box. 
The  lid  of  chest  should  be  in  two  parts,  hinged  along  middle  line  to  a 
longitudinal  piece ;  this  will  be  possible  since  the  small  platform  de- 
sired in  rear  of  chest  will  remove  the  spare  wheel  from  the  lid ;  a  brake, 
operated  by  a  screw  with  handle  in  rear,  would  be  attached. 

K  this  chest  is  to  be  arranged  for  the  transportation  of  cannoneers, 
since  the  half  lids  must  slope  outward,  a  seat  resting  on  iron  brackets 
would  be  placed  at  each  end  of  each  half  lid,  and  there  could  also  be  in 
front  a  screw  or  lever  to  operate  the  brake. 
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The  projectiles  will  be  placed  npon  end,  separated  by  partitions  of 
galvanized  iron,  the  cartridges  in  copper  trays  to  slide  over  the  parti- 
tions, exposing  the  projectiles. 

BATTERY  WAGON. 

The  ft>ame  to  be  of  wrought  iron,  and  the  box  of  sheet-iron  or  homo- 
geneous steel,  stiffened  by  pieces  of  channel  iron ;  sliding  trays  of  metal 
or  wood,  with  cover,  will  be  nsed  for  tools  and  small  stores. 

FOROE. 

The  frame  and  box  will  be  of  the  same  general  construction  as  those 
of  the  battery  wagon.  A  rotary  fan  to  be  used  as  proposed  by  Colonel 
liaidley ;  the  tools  and  stores  to  be  arranged  in  compartments  in  a  man- 
ner that  it  is  thought  will  be  more  simple  and  cheaper  than  in  the 
cavalry  forge,  the  fastenings  to  be  reduced  and  simplified,  and  the  cost 
of  certain  parts  to  be  reduced. 

WAGON  FOR  AMMUNITION. 

I 

As  the  ammunition  in  this  wagon  is  to  be  carried  in  packing  boxes^ 
the  ends  of  wagon  should  be  removable ;  the  two  spare  wheels  called 
for  can  it  is  thought,  be  placed  horizontally  on  frames  resting  on  the 
lid ;  if  desirable,  the  frames  and  lid  can  be  removed  for  loading  the 
wagon. 

GENERAL  CONSTRUCTION  OF  CARRIAGES. 

The  iron  used  in  the  frames  of  the  limber,  caisson,  battery  wagon, 
and  forge  will  be  of  the  same  form  for  similar  ])arts. 

I  propose  to  employ  H  iron  for  the  stocks,  T  <>r  L  ^or  the  rails,  L 
iron  for  braces  and  cross-pieces,  and  T  ^^  L  iron  for  splinter  bars. 

For  these  it  is  believed  that  mercantile  forms  can  be  obtained  and 
the  samples  be  constructed ;  should  it  hereafter  be  found  that  steel 
would  be  more  advantageous,  the  forms  necessary  would  have  to  be 
made  specially  for  the  purpose. 

No  complete  plan  for  any  one  carriage  can  be  made  till  the  work  is 
undertaken  and  it  is  seen  what  dimensions  or  shapes  cannot  be  obtained, 
and  what  difficulties  in  working  the  forms  may  be  encountered;  and 
for  the  same  reason  no  estimate  of  cost  can  be  made  with  any  accuracy ; 
similar  work  done  at  this  arsenal  has  been  taken  as  the  main  guide  in 
preparing  the  estimate  now  submitted. 

U])on  the  preceding  report  the  indorsement  of  the  Chief  of  Ordnance 
vas  to  the  effect  that  the  general  recommendations  as  to  construction 
Bhould  be  carried  out,  care  being  taken  to  so  arrange  the  longitudinal 
joint  in  lid  of  caisson  chest  that  water  could  not  enter. 

In  the  manufacture  of  these  carriages  endeavor  was  made  to  embrace 
all  the  features  and  conditions  desired  by  the  Light  Artillery  Board, 
all  details  of  construction  having  to  be  determined  by  me.  Without 
detailed  plans  and  with  only  such  drawings  as  might  be  prepared  from 
day  to  day,  the  work  progressed  under  many  difficulties,  and  conse- 
quently very  slowly. 

There  have  been  produced  experimental  carriages,  which,  though 
far  from  perfect,  may  serve  to  lead  the  way  to  better  and  finally  satis- 
factory constructions. 

Later  experience  in  the  manufacture  of  metal  carriages  has  indicated 
how  defects  known  to  exist  in  the  earlier  ones  can  be  remedied. 
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CAISSON. 

(Plates  I,  II,  and  III.) 

BODY  AND  PRINCIPAL  PARTS. 

1  axle,  steel,  3  by  2^  inches. 

1  stock,  iron,  cliaaael,  6  by  1.876  inches  by  0.18  inches. 

2  side  rails,  iron,  angle,  3  by  2.5  inches  by  0.3125  inches. 
2  cross-plates,  Bessemer  steel,  ^  inch  thick. 

2  foot-plates,  Bessemer  steel,  ^  inch  thick. 
1  lunette,  iron,  forged. 

1  spare  wheel -axle,  steel,  cast. 
1  carriage  hook,  iron,  forged. 

3  axle-straps,  iron. 

1  brake,  composed  of — 
1  lever,  iron. 

1  crank- bar,  low  steel. 

2  lugs,  iron. 

2  cranks,  iron. 

2  connecting  rods,  low  steel. 

1  brake-bar,  compound,  low  steel. 

2  shoes,  iron,  faced  with  leather. 

2  brackets,  iron,  to  support  brake-bar. 

4  comer  irons,  iron. 

1  spare  pole-ring,  iron. 

1  spare  pole  key-plate  and  key,  iron. 

2  wheels,  "  Archibald." 

6  bolts,  low  steel,  for  axle-straps. 

3  bolts,  low  steel,  for  spare  wheel-axle. 

4  bolts,  low  steel,  for  attaching  chest. 

The  parts  of  the  frame  are  united  in  the  same  manner  as  in  the  lim- 
bers, and  the  axle  is  attached  by  bolts. 

The  brake  is  brought  into  action  by  raising  the  lever.  This  rotates  the 
crank-bar,  which  is  supported  by  the  lugs,  riveted  to  the  axle-straps, 
raises  the  cranks,  and  by  the  connecting-rods,  draws  back  the  brake- 
bar  pressing  the  shoes  against  the  wheels. 

AMMCNITION-CHEST. 

The  caisson  carries  but  one  chest.  The  bottom,  sides,  ends,  and  par- 
tition of  this  are  of  steel  0.12  inch  thick,  whilst  the  lid  is  but  0.109 
inch  thick. 

The  general  construction  and  the  filling  is  the  same  as  in  the  limber- 
chest  of  Pattern  No.  2. 

On  the  right  side  of  the  chest  is  riveted  a  ratchet-plate  for  the  serv- 
ice of  the  brake-lever. 

The  chest  was  made  on  dimensions  determined  for  a  similar  arrange- 
ment of  the  projectiles,  but  one  which  required  a  greater  area,  there- 
fore spaces  were  left  between  the  holders  and  the  sides  of  the  chest, 
which  were  filled  with  wood. 

The  six  trays  for  cartridges  rest  upon  the  wooden  packing.  In  one 
end  of  one  tray  is  a  compartment  for  friction-primers. 

The  capacity  of  this  chest  is  80  rounds  of  ammunition. 

EQUIPMENT  OF  CAISSON. 

The  spare  parts  and  tools  carried  on  the  caisson  are  as  follows,  viz  : 

1  wheel,  on  axle,  confined  by  a  linchpin. 
1  pole,  under  the  stock. 
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1  single-tree,  attached  to  front  of  chest  by  2  spring-catches  and  to  foot- 
board by  1  hook, 

2  spades,  secared  to  rear  of  chest  by  sockets  and  spring-clasps. 

2  spades,  on  rear  platform.  t 

1  mattock  and  1  pick  on  rear  platform,  one  point  of  each  entering  sock- 
ets on  right  side  of  chest.  The  handles  are  strapped  with  the  spades 
to  the  platform. 

3  shovels,  with  long  handles,  attached  to  the  left  side  by  metal  straps 
extending  from  the  chest. 

WEIGHT. 

PooimU. 

CaissoD,  complete  with  chest,  spare  parte,  and  tools 1,632 

Body,  with  2  wheels 938 

Chest,  with  filling 412 

Filling 153 

Wheel 200 

BATTERY  WAGON. 

(Plate  IV.) 

TRINCIPAL  PARTS. 

The  principal  parts  of  the  battery  wagon  are — 

1  axle,  steel,  3  by  2^  inches. 

1  stock,  iron,  channel  6  by  2.35  inches  by  0.28  inches. 

2  side  rails,  iron,  angle  4  by  3  inches  by  0.375  inches. 

2  cross-plates,  Bessemer  steel,  ^-inch  thick. 
1  lunette,  iron,  forged. 

3  axle-straps,  iron. 

1  brake,  composed  of — 

1  crank-handle,  iron.  * 

1  screw,  iron. 

1  nut,  bronze. 

1  stirrup,  iron. 

1  connecting-rod,  long,  low  steel. 

1  link,  iron. 

2  connecting-rods,  short,  low  steel,  each  in  two  parts  with  coupling. 

1  brake-bar,  compound,  low  steel. 

2  shoes,  wood. 

2  wheels,  "Archibald.'^ 

6  bolts  for  axle-straps,  low  steel. 
6  bolts  for  attaching  chest,  low  steel. 

1  chest,  sheet  steel,  0.109  inch  thick,  except  the  lids,  which  are  0.083 
inch. 

CONSTRUCTION. 

The  parts  are  united  in  the  same  manner  as  in  the  other  metal  car- 
riages. 

The  wheels  of  all  the  carriages  are  of  one  pattern  and  are  inter- 
changeable. 

All  parts  of  the  chest  are  of  metal.  It  is  divided  longitudinally  by 
a  partition  extending  from  bottom  to  top,  and  in  each  half  are  two  cross- 
partitions  about  half  the  height  of  the  sides. 

A  till  is  formed  in  the  upper  front  part  of  the  chest. 

The  rings  on  the  exterior  are  for  lashing  supplies,  as  forage,  that  it 
may  be  desired  to  transport  without  the  chest. 
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The  cover  is  formed  of  two  lids,  hinged  to  a  ridge-piece.  The  packing- 
box  extends  along  the  ontside  of  the  sides  and  ends  and  on  the  under 
side  of  the  ridge-piece.  To  press  the  lid  against  the  mbber  packing 
two  of  Lieutenant  Gordon's  fastenings  are  used  and  one  operated  by 
an  eccentric  turnbnckle  applied  for  trial. 

In  the  body  of  the  chest  are  to  be  packed  the  supplies  and  the  spare 
parts,  the  tools  being  placed  in  the  till  and  in  the  chest  of  the  limber. 
The  long  crosscut  saw  is  carried  against  the  main  partition,  hdd  by 
three  spring-brackets. 

AMMUNITION   WAGON. 

(Plate  V.) 

The  conditions  prescribed  by  the  Light  Artillery  Board  for  this  wagon 
admitted  of  but  one  general  plan  for  its  construction. 

No  other  place  could  be  found  for  the  spare  wheels,  but  above  the 
lid,  and  they  had  to  be  so  arranged  as  not  to  interfere  with  the  removal 
of  the  top  or  ends  of  the  body.  The  parts  may  have  been  made  stronger 
and  heavier  than  necessary,  otherwise  they  appear  to  perform  well  the 
service  required  of  them. 

The  running  gear  is  that  of  the  regulation  wagon  used  by  the  United 
States  Quartermaster's  Department. 

The  length  and  height  of  the  wooden  body  was  determined  for  the 
load  it  was  assumed  should  be  carried,  taken  at  28  boxes,  or  280  rounds 
of  ammunition  for  3.2  inch  rifle,  about  5,200  pounds,  including  boxes. 

The  lid  is  in  two  parts,  of  wood  covered  with  canvas,  painted. 

The  "boards"  that  close  the  ends  are  alike. 

The  construction  of  the  body  in  all  its  details  is  shown  so  fully  and 
clearly  in  the  drawings,  that  no  further  explanation  appears  necessary. 

This  wagon,  like  all  the  experimental  artillery  carriages,  is  painted, 
as  recommended  by  the  Light  Artillery  Board,  green,  the  color  being 
lighter  than  the  olive  generally  used  on  artillery  carriages,  and  sap- 
posed  to  approach  nearer  to  the  green  foliage  of  trees. 

A.  MOEDEOAI, 
Lieutenant- Colonel  of  Ordnance^  Commatf^ing. 
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RKrORT    ON    ARTILLEBY    MACHINES   FABRICATED   AT    WATERVLIET 

ARSENAL. 

(1  plate.) 

Watbevliet  Arsenal.  N.  T. 

HAND-SLINa  GABT. 

My  personal  experience  during  the  late  war,  and  since,  proved  that 
the  hand-sling  cart  was  not  sufficiently  strong  to  withstand  the  weights 
it  was  frequently  properl3'  called  upon  to  carry ;  therefore,  when  re- 
quired twice  in  the  past  three  years  to  fabricate  a  sling-cart  for  the 
use  of  the  U.  8.  Light-House  Service,  a  stronger  construction  was 
adopted. 

The  most  serious  injuries  to  the  ordnance  cart  were  the  bending  of 
the  axle  about  the  center,  and  the  breaking  of  the  axle-arms  at  the 
shoulder. 

The  changes  made  are  as  follows,  viz: 

(1)  The  axle  is  increased  to  a  uniform  thickness  of  2.625  inches,  and 
depth  of  3.8  inches,  except  in  rear  of  shoulder- washers,  where  it  is  3.6 
inches. 

(2)  The  axle-arms  are  joined  to  the  body  by  curved  surfaces,  and  are 
hicreased  in  diameter  for  a  length  of  0.9  inch,  where  a  second  curved 
surface  is  used  to  unite  with  the  principal  length  of  arm.  This  form 
was  adopted  since  it  was  desired  to  use  wheels  on  hand  of  different 
piittems,  which  would  not  admit  of  the  hub  being  reamed  throughout 
its  length. 

For  new  constructions,  the  hub  should  be  enlarged  and  the  axle- 
arms  increased  and  given  a  uniform  taper. 

(3)  The  form  of  the  hook  is  somewhat  changed  and  its  dimensions  are 
increased. 

(4)  The  cross-section  of  the  pole  is  enlarged  and  chambers  are 
omitted. 

(5)  The  pole  straps  are  increased  in  thickness  and  length,  and  ex- 
tended beyond  the  point  of  attachment  of  the  braces. 

(6)  The  diameter  of  the  braces  is  increased,  also  that  of  the  bolt  con- 
necting them  with  the  pole. 

PINGH-BABy  drC. 

Pinchbars,  for  use  in  mechanical  maneuvers  at  the  forts,  have  been 
made  by  me  heavier  than  those  formerly  fabricated  at  this  arsenal,  ip 
order  that  they  might  conform  to  the  requirements  of  Tidball's  Man- 
ual. About  8  inches  at  the  lower  end  of  the  bar  is  steel ;  the  remain- 
der is  stiff  iron. 
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The  sling-chain  is  that  prescribed  in  Tidball's  Manual,  page  200. 

The  holdfast-pin  and  the  slaiug-chock,  shown  in  plate,  were  made  to 
,fill  requisitions  for  such  articles.  The  latter  is  referred  to  in  TidbalPs 
Manual,  page  270. 

The  pin  is  entirely  of  iron;  would  be  improved  if  made  partly  or  en- 
tirely of  steel. 

The  chock  is  of  oak  with  claws  of  iron. 

The  dimensions  of  all  of  the  above  machines  are  given  on  the  draw- 
ings. 

A.  MORDBCAI, 
Lieutenant' Oolonel  of  Ordnwnce^  Commandif^, 

Watbrvlibt  Arsenal,  N.  Y.,  1885. 
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REPORT  OF  THE  CONSTRUCTION  OF  METAL  FIELD  CARRIAGE  AND 
LIMBER  FOR  GATLING  GUN,  CALIBER  0.45  INCHy  PATTERN  1864, 
WITH  ECCLES  FEED,  AT  WATERVLIET  ARSENAL, 

(6  plates.) 

Watebvliet  Arsenal,  1885. 

The  general  pattern  of  the  gun  carriage  and  limber  is  shown  in 
Plate  I. 

As  the  number  of  carriages  ordered  to  be  made  precluded  the  idea  of 
an  experimental  construction,  care  was  to  avoid  the  adoption  of  feat- 
ures that  had  not  been  tested  in  other  metal  carriages,  or  in  regard  to 
the  utility  of  which  much  doubt  could  be  raised. 

In  designing  this  work  valuable  assistance  was  rec«  ired  from  Lieut. 
W.  B.  Gordon,  Ordnance  Department.  % 

The  limber,  it  is  thought,  will  be  found  to  fulfill  the  requirements  of 
the  service.  The  advisability  of  some  of  the  features  in  the  gun  car- 
riage can  be  determined  only  by  trial.  No  provision  was  made  for 
filling  the  Eccles  feed-cylinders. 

PRINCIPAL  PARTS. 
GUN  CARRIAOK. 

(Plates  IV  and  V.) 

• 

1  axle-Steel,  2.5  by  2.25  inches. 

2  trail-plates,  mild  steel,  0.2  inch  thick. 
2  angle  irons,  iron  1.25  by  1.25  inches. 

2  trail-cheeks  reinforces,  mild  steel,  0.2  inch  thick. 

1  axle  block,  bronze. 

1  axle-strap,  iron,  forged. 

1  lunette,  iron,  forged. 

1  lunette-plate,  with  lug,  iron,  forged. 
5  transoms,  mild  steel,  0.2  inch  thick. 

2  braces,  iron. 

1  trail-seat,  steel  homogeneous,  0.1  inch  thick. 

1  trail-handspike,  linch  gas-pipe. 

2  trail-handles,  iron. 

1  swivel  mounting,  composed  of— 

1  gun-support,  bronze. 

2  cap-squares,  bronze. 

2  cap-square  keys,  bronze. 

1  traverse-binder,  iron. 

1  elevating-arc,  low  steel. 

1  arc-binder,  low  steel,  handle  bronze. 
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2  azIe-chestH,  homogeneous  steel. 

2  bottom  plates,  iron,  0.125  inch  thick. 

2  tool-blocks,  wood. 

2  sets  chest  linings,  wood. 

2  padlocks  and  chains,  brass. 

Catches,  steel. 

Stops,  steel. 

Bolts,  low  steel. 

Bivets,  iron. 

2  wheels,  Archibald. 

UMBER-BODT. 

(Plates  II  and  VI.) 

1  axle,  steel,  2.5  by  2.25  inches. 

2  hounds,  iron,  angle,  3  by  2  inches. 

1  fork,  iron,  of  2  angle-bars,  3  by  2  inches.     ' 

1  splinter-bar,  iron,  angle,  3  by  2  inches. 

2  foot-plates,  steel,  Bessemer,  0.165  inch  thick. 
1  pintle-hook,  iron,  forged. 

1  pintle-hook  key,  iron. 

1  pole  prop,  1-inch  gas-pipe. 

3  axle-straps,  flange  iron,  0.375  inch  thick. 

1  fork-strap,  flange  iron,  0.375  inch  thick,  with  eye,  iron. 

1  front  fork-strap,  iron,  0.25  inch  thick. 

1  eveuer  plate  and  pin,  iron,  forged,  0.375  inch  thick. 

1  evener-pin  brace,  iron. 

2  corner  irons,  iron,  0.375  inch  thick.  • 
1  pole,  wood 

1  pole-yoke,  iron. 
1  pole-key,  iron. 

1  evener,  wood,  2  end  bands,  iron. 

2  single-trees,  wood,  2  middle  bands  and  4  end  bands  and  hooks,  iron. 

4  foot-plate  brackets,  iron. 
Clasps,  steel. 

Bolts,  low  steel. 

Bivets,  iron.  ^ 

2  wheels,  Archibald. 

UMBER,   AMMUNITION  0HB8T. 

(Plate  III.) 

1  bottom,  steel,  Bessemer,  0.1  inch  thick. 

2  sides,  steel,  Bessemer,  0.1  inch  thick. 
2  ends,  steel,  Bessemer,  0.1  inch  thick. 

1  top,  steel,  homogeneous,  0.1  inch  thick. 

2  partitions,  steel,  3essemer,  0.1  inch  thick. 

1  subpartition,  steel,  Bessemer,  0.083  inch  thick. 

4  bottom,  angle-irons,  outside,  steel,  Bessemer,  0.1  inch  thick. 

4  corner,  angle-irons,  outride,  steel,  Bessemer,  0.1  inch  thick. 

1  shield,  steel,  Bessemer,  0.1  inch  thick. 

4  bottom,  angle-irons,  inside,  steel,  Bessemer,  0.083  inch  thick. 

4  comer,  angle-irons,  inside,  steel,  Bessemer,  0.083  inch  thick. 

1  band,  iron. 

3  hinges,  iron. 
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2  handles,  iron. 

2  clasps,  iron. 

2  tambackles,  low  steel. 

Linings  to  protect  feed-cylinders,  wood. 

4  bol&,  low-steel,  to  attach  chest  to  limber-body. 

Rivets,  iron. 

1  padlock,  brass. 

OONSTETJOTION. 
CARRIAGE. 

All  the  parts  that  compose  the  stock  proper  and  all  the  minor  parts 
attached  to  it  are  united  by  rivets.  In  addition,  there  are  4  bolts  that 
assist  in  securing  the  trail-plates  to  the  axle-block  at  points  where 
rivets  cannot  be  inserted. 

Upon  the  completion  of  the  first  carriage  a  want  of  stiffness  was 
found  to  exist  at  the  junction  of  the  trail-plato  and  axle-block,  and  to 
overcome  this  the  trail-cheek  reinforce  was  added. 

The  axle- strap,  by  which  the  stock  is  attached  to  the  axle,  is  secured 
by  4  bolts  threaded  into  the  axle-block. 

Six  bolts  through  each  bottom  plate  secure  the  chest  to  the  axle. 
Two  of  these  bolts  pass  also  through  the  braces.  The  axle  had  to  be 
planed  where  enveloped  by  the  axle-block  and  the  chests  to  insure  a 
true  bearing. 

Four  of  the  carriages  were  fitted  with  an  experimental  forked  trail 
handspike,  shown  on  Plate  Y. 

In  the  axle-chests  the  back,  bottiom,  and  front  are  of  one  sheet,  bent 
cold,  six  times  parallel  to  the  axle,  and  four  times  perpendicular  to  it, 
the  latter  to  form  comer  angles  to  which  the  ends  are  riveted.  Angle 
pieces  riveted  to  the  ends  extend  under  the  bottom,  but  constitute  bands 
only  around  three  sides  of  the  axle.  The  upper  band  is  in  rear,  bent 
into  the  lower  member  of  the  hinge. 

The  lid  is  bent  double  about  three  edges,  and  &om  the  fourth  is 
formed  the  upper  member  of  the  hinge.  In  these  chests  rivets  only  are 
used. 

Each  chest  contains  two  feed-cylinders,  protected  by  the  wooden  flll- 
ings.  In  the  blocks  over  the  axle  and  between  the  feeds  are  placed  tools 
for  the  service  of  the  gun  and  carriage. 

In  the  right  chest  are— 
I  crank-handle  for  gun. 
1  drift. 

1  lock  screw-driver. 
1  hand  screw-driver. 
1  T  screw-driver. 
1  pin-wrench. 
1  sight,  right. 

In  the  left  chest  are— 
1  cam-extractor. 
1  riveting'hammer. 
1  oil-can. 
1  screw-wrench. 
1  sight,  left. 

On  the  stock  are  carried,  secured  by  stops  and  clasps — 
I  oscillating  lever. 
1  wiping  rod. 
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LIMBER* 
BODY. 

« 

The  frame  of  the  body  is  put  together  and  secured  to  the  axle  eDtiiely 
by  rivets.  The  only  bolts  used  are  foar,  that  attach  the  pintle-hook  to 
the  fork. 

Where  the  hoands  and  fork  rest  upon  the  axle  the  web  is  cut  awa;e 
to  the  flange.  To  compensate  for  this  the  axle-straps  are  forged  with 
webs,  the  vertical  angle  of  junction  with  the  strap  being  solid.  The^e 
straps,  riveted  to  both  flange  and  web  of  the  angle-irons,  restore  the 
strength  lost  by  cutting.  The  same  construction  is  adopted  in  the  fork- 
strap. 

On  some  of  the  limbers  the  evener-pin  is  riveted  in  the  plate ;  on 
others  the  two  are  forged  in  one  piece.  The  latter  plan  was  considered 
preferable. 

Ten  limbers  were  made  with  eveners  (Plate  I),  and  correspond  to  de- 
tails in  Plate  VI.  The  other  ten  had  two  single-trees,  each  attached  to 
draught-hooks  as  in  Plate  II.  The  difference  in  tiie  parts  can  be  readily 
understood  from  the  drawings. 

AMMUNITION  OHBST. 

As  the  chest  opens  at  the  top  and  as  all  the  ammunition  to  be  carried 
is  water-proof  in  itself,  no  packing-box  and  rubber  packing  are  needed. 
This  simplifies  much  the  construction  of  the  chest. 

No  bolts  whatever  are  used. 

The  capacity  of  the  chest  as  filled  is:  right  compartment,  132  pack- 
ages of  20  cartridges  each ;  left  compartment,  132  packages  of  20  car- 
tridges each ;  center  compartment,  4  feed-cylinders  of  104  cartridgen 
each;  front  center  compartment,  3d  packages  of  20  cartridge  each: 
making  in  all  6,444  rounds  of  ammunition. 

Provision  is  made  for  four  feed-cylinders  in  this  chest,  as  it  was 
thought  the  four  on  the  carriage  would  probably  be  found  insufficient. 
If  this  be  not  desired  the  wooden  linings  can  be  removed,  and  the  space 
thus  left  will  contain  165  packages  of  20  cartridges  each,  which  would 
allow  the  chest  to  carry  9,340  rounds  instead  of  6,444. 

WEIGHT. 

QnD-carriaffe,  with  chests  and  tools,  without  feed-oylinders o94 

Limber  and  chest,  pattern  with  evener 754 

Limber  and  chest,  pattern  withont  evener 7*3* 

Ammnnition  chest "£30 

One  wheel U»> 

Gun *246 

One  feed-cylinder IG 

A.  MORDEOAI, 
Lieutenant-Colonel  of  Ordnance^  Commanding. 
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mOWINO  STATIONS  AND  DUTIES  OF  THE  OFFICERS  OF  THE  ORDNANCE 

DEPARTMENT  ON  OCTOBER  1, 1885. 


Bank  and  nAme. 

BRIGADnB-OEHSftAL. 

lUphen  y .  BenAt 

COLONBLB. 


Dnty. 


AddreM. 


1.  J.  McAUiater,  breret 

2.  S.  Crispin,  breret 

3.  T.  G.  Baylor,  breret . 


Cblef  of  Ordnance,  and   member  of    Washington,  D.  C. 
Fortification  Board. 


Benicia,  Cal. 


LnLTBRAMT-OOLOHBLB. 

1.  J.  M.Whittemore 


Commanding  the  Benicia  Araenal .  . 

Commanding  the  Frankford  Arsenal  . .  i  Philadelphia,  Pa. 

Commanding  the  New  York  Arsenal,  ,  Goremor>    Isbuid, 
president  of  the  Ordnance   Board, 
and  president  of  the  Board  for  Test- 
ing Kifled  Cannon,  Ac 


York   City, 
box  1449. 


Kew 
Post-ofiloe 


2.  A.  H.  Bafflngton 

3.  D.  W.  Flagler,  brevet 
I.  A.  Mordeoal,  breret .. 


On  dnty  in  the  offide  of  the  Chief  of  ;  Washington,  D.  C. 
Ordnance. 

Commanding  the  National  Armory |  Springfield,  Haas. 

Commanding  the  Bock  Island  Arsenal.,  Rock  Island,  HI 
Commanding  the  Waterrliet  Arsenal. . '  West  Troy.  N.  T. 


lUJOKS. 


I. 


2. 

J. 
t. 
J. 
I. 


F.  II.  Parker,  breret I  Commanding  the  Watertown  Arsenal, 

and  member  of  Board  for  Testing 
Rifled  Cannon,  &c. 

J.  P.  Farley )  Commanding  the  United  States  Pow- 

I      der  Deoot. 

L.  S.  Babbitt -  Commanding  the  Fort  Monroe  Araenal . 

W.  A.  Marye I  Commanding  the  Angnsta  Arsenal 

I.  Arnold,  Jr I  Commanding  the  San  Antonio  Arsensl 

C.Comly 


r.  J.  R.  McOinness,  breret 


Instmctor  of  Ordnance  and  Gnnnerr, 
United  States  MiUtary  Academy.  ' 

Commanding  the  Saint  Lonis  Powder 
Depot. 
(.  G.  W.  KcKee,  breret '  Memoer  of  the  Ordnance  Board,  and 

9 (ember  of  Board  for  Testing  Rifled 
annon,&c 
Phipps Commanding  the  Kennebec  Arsenal 


F.  H 

J.W.  Reilly. 


CAPTAINS. 


.  J.  A.  Kiess,  breret  mi^or. 
L  O.  B.  Miohaelis,  breret ... 
.  C.  E.  Dutton 


J.  G.  Bntler.. 
C.  Bryant.... 
A.  L.  vamey. 
J.  C.  Ciiiford . 
J.  B.Greer... 


J.  Pitman. 
C.  Shaler  , 


H.  Ketoalfe... 
W.  8.  Starring 
C.  S.  Smith  ... 


Commanding  the  Allegheny  Araenal. . . 


Commanding  the  Indianapolis  Arsenal 

Assistant,  Waterrliet  Arsenal , 

On  dnty  nnder  the  Interior  Depart- 
ment. 

Assistant,  Rock  Island  Arsenal 

Assistant,  Benicia  Arsenal 

Assistant,  Rock  Island  Araenal 

Assistant,  Frankford  Araenal 

Commanding  the  Fort  Learenworth 
Ordnance  i)e]K>t,  and  chief  ordnance 
officer  Department  of  the  Kissoari. 

Assistant,  Watertown  Arsenal 

Member  of  the  Ordnance  Board,  and 
Member  of  Board  for  Testing  Rifled 
Cannon,  4lbo. 

Assistant,  Waterrliet  Arsenal 

Assistant,  National  Armory 

Principal  assistant  in  the  Ordnance 
Bnrean,  and  member  of  Fortifica- 
tion Board. 


Watertown,  Mass. 


'  Dorer,  N.  J. 

I 

;  Fort  Monroe,  Va. 
i  Angnsta,  Ga. 

San  Antonio,  Tex. 
j  West  Point,  N.  Y. 

'  Jefferson  Barracks,  Ma 

I  Goremor's  Island,  New 
York  City.  Poat^>ffioe 
box  1449. 

Angnsta,  Me. 

Pittsburgh,  Pa. 


Indianapolis.  Ind. 
West  Troy,  N.  Y. 
Geological  Surrey,  Wash* 

ington,  D.  C. 
Rook  Uland,  HI. 
Benicia,CaL 
Rock  Island,  DL 
Philadelphia,  Pa. 
Fort  Learenworth,  Kana. 


Watertown,  Mass. 
Goremor's    Island,    New 

York  City.     PostH>ffice 

box  1449. 
West  Troy,  N.  Y. 
Springfield,  Mass. 
Washington,  D.C. 
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STATIONS  AND  DUTIES  OF  OFFICERS,  ^-c— Continued. 


Rank  and  name. 


]>uty. 


Addxttt. 


CAPTAINS — oontinaed. 

14.  S.  E.  Blant '  Inspectorof  rifle  praotioe  at  the  Head 

quarters  of  the  Army. 

15.  F.  Heath •  ABsistant,  National  Armory 

16.  D.  M. Tajior, aide-deoamp. . 


WashingtoD,  D.C. 


17.  D.  ALyle. 


To  the  commanding  general  division 

of  the  Pacific. 
On  foundry  dntv,  and  member  of  the 
Board  on  Lize-SaTing  Apparatus, 
&c.,  under  the  Secretary  of  the 
Treasury,  and  member  of  Board  for 
Testing  Rifled  Cannon,  Stc. 

18.  J.  Rockwell,  Jr i  Commanding  the  Fort  Abraham  Lin- 

I      coin    Ordnance    Depot,    and   Chief 
I      ordnance  officer  Department  of  Da- 
kota, 
li).  J.C.  Ayres Assistant,  Benicia  Arsenal 

20.  M.W.Lvon Assistant, Watertown Arsenal 

21.  C.W.Whipple '  Assistant  to  the  Ordnance  Board 


22.  A.  H.  Russell. 


FIRST  URUTSNAirrS. 


Commanding  the  Vancouver  Barracks 
ordnance  depot,  uid  chief  ordnance 
officer  Department  of  the  Columbia. 


1.  R.Bimie,Jr... 

2.  LMacNutt.... 
8.  C.C.Morrison. 

4.  F.Baker 

6.  O.B.Mitcham. 


6.  H.  D.  Borup 


On  foundry  duty 

As8istant,'Frankford  Arsenal 

Assistuit,  Rook  Island  Arsenal 

Assistant,  Frankford  Arsenal , 

Commanding  the  Cheyenne  Ordnance 
Depot,  and  chief  ordnanoe  officer 
Department  of  the  Platte 

On  foundry  duly 


7.  L.L.Bmff Assistant  instructor  of  ordnance  and 

gunner}',  IT.  S.  Military  Academy. 

&  C.H.  Clark i  Assistant,  National  Armory 

0.  W.MMedcalfe Assistant  to  the  Ordnance  Board 


Spiingfleld, 

Fl-esidio,    Ssm  FnactMs. 

CaL 
Boston,  Maasw    Post^OLot 

boz22S3. 


Fort  A.  Linodn,  Dak. 


Beniola,  CaL 
Watertown,  Maa 
Qovemor'a    IslsBii.    Nev 

York  City.    T^seUOkM 

box  1440. 
Vancouver,  Wai^Xer'y. 


Cold  Spring.  K.T. 
Philadelphia,  Pa. 
Rock  Island,  IS. 
Philadelphia,  Pa. 
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report  on  experimental  cylinder  from  the  12-inch  cast-iron  B.   L.  rifle, 
nooped  and  tubed  with  steel 277 

report  on  the  manufacture  of  8-inch  chilled  projectiles 403 

Machine  guns xxnr 

trial  of  the  Gardner  1,  2,  and  5  barrel 115 

Magazine  guns: 

the  Lee,  Chaffee-Reece,  and  Hotchkiss,  now  on  trial rv 

Manufactures.    {See  Fabrications,  Keports.) 

Mann  breech  mechanism xja 

Marksman's  pins: 

manufacture  of,  at  the  Rock  Island  Arsenal € 

cost  of  manufacture 9 
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MaRKSMA.X*8  PiNfl  (bronzH): 

rey»!aced  by  pins  of  nilvor rv 

MsDCALFK,  Lieut.  Wm.  M.  : 

report  on  rolling  and  drawing  steel  billets  into  wire 436 

report  of  work  done  by  Jones  &  Langhlins 469 

report  on  manufacture  of  steel  gun-wire  at  the  Trenton  Iron  Works 473 

Metal  FIELD-CARRIAGES.    (5e0  Field-carriages.) 
Metal  limbers: 

for  3.2  inch  B.  L.  rifles 649 

Metal  battery  wagons  : 

report  on  construction  for  field  service 659 

MiDVALE  Steel  Company  : 

report  of  work  done  and  in  progress  by  Lieutenant  Hobbs 449 

MlDVALE  FORGINGS XVI 

MlUTIA : 

statement  of  stores  distributed  to 47 

money  value  of  stores  apportioned  to  the  States  and  Territories  under  the 

law  for  arming  and  equipping  the  militia 46 

larger  appropriations  needed  for  arming  and  equipping v 

more  uuiiorm  and  liberal  methods  and  direct  responsibility  should  be  re- 
sorted to  to  place  on  an  efficient  footing  the  militia  and  volunt>eer  organ- 
izations of  all  the  States v 

attention  called  to  the  separate  and  distinct  military  bodies  of  the  District 

of  Columbia  being  without  a  common  superior y 

Military  estabijshment  : 

stores  issued  to  (exclusive  of  militia) 25 

Mortar  and  projectile  : 

for  high  explosives  (Garrick's) 109 

Mortar  shell  and  sabots  : 

inspection  report  of  12-inch  Eureka 108 

MoRDECAif  Lieut.  Col.  A. : 

report  on  the  construction  of  experimental  carriage  and  limber  for  Gatliug 

gun,  and  cart  for  distributing  small-arm  ammunition  in  the  field G39 

report  on  the  construction  of  gun-carriage  saddle  for  Hotchkiss  mountain 

guu 645 

report  on  the  construction  of  metal  limbers  for  3.2  inch  B.  L.  rifles 049 

report  on  construction  of  field -carriage  for  3.2  inch  steel  breech-loading  rifle .      657 

report  on  artillery  machines 669 

report  on  construction  of  metal  field-carriage  and  limber  for  Gatling  gun, 

with  Eccles  feed 671 

Mortars  : 

preliminary  trial  of  the  12-inch  muzzle-loading  rifled  mortar 123 

construction  report  of  the  12-inch  cast-iron,  rifled,  steel-hooped 175 

experimental  cylinder  from  the  12-inch  cast-iron  rifled,  steel-hooped 209 

Mountain  gun,  Hotchkiss  : 

report  of  firings 81 

MULTICHARGE  GUN : 

final  firings  and  rupture  of  the  6-inch ,. .       145 

NiTRO-GLYCERINE  SHELLS : 

report  of  firings  with  C.  P.  Winslow's 103 

Obturating  PRIMERS xxii 

Ordnance  Board  (reports) : 

firings  with  6-inch  dynamite  shells (Appendix  9)  57 

firings  with  the  Hotchkiss  mountain  gun (Appendix  13)  81 

experimental  8-inch  banded  projectiles (Appendix  14)  95 

C.  P.  Winslow's  nitro-glycerine  shells (Appendix  15)  103 

Garrick's  mortar  and  projectile  for  high  explosives (Appendix  16)  109 

shells  charged  with  explosiTC  gelatine (Appendix  17)  112 

Gardner  machine  guns,  1,  2,  and  5  barrel (Appendix  18)  115 

the  12-inoh  muzzle-loading  mortar,  preliminary  test (Appendix  19)  123 

trial  of  the  12-inch  cast-iron  breecn-loadin^  rifle 135 

final  firings  and  rupture  of  the  6-inch  multicharge  gun (Appendix  21)  145 

data  for  constructing  a  5-inch  steel  siege  gun (Appendix  22)  153 

altered  15-inch  gun-carriage  (Appendix  10)  65 

Thayer's  dirigible  balloon ^Appendix  11)  70 

Buckner's  aerial  drop  for  explosives (Appendix  12)  79 

the  12-inch  breech-loading  rifle,  cast  iron  (progress) (Appendix  20)  135 

Ordnance  construction  (reports).    (See  Reports.) 
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Ordnance  dkpartmsnt: 

its  relatioDS  to  the  Army,  militia,  Marine  Corps,  Execative  Departmente, 

aud  oolleges  in  providing  arms  and  munitions  of  war rv 

Packino-casrs  : 

report  on  barrels  for  heavy  projectiles 41B 

Pinch-bars  : 

fabrication  of,  at  Watervliet  Arsenal 669 

POLK-LIFT : 

report  of  Capt.  W.  L.  Haskins,  First  Artillery 637 

Powder,  brown  prismatic  : 

samples  from  the  Messrs.  Da  Pont X 

Powder  Depot  : 

principal  operations  at  the  United  States  Powder  Depot  (report) 609 

Powder  and  projectiles  : 

report  of  sales  and  purchases  under  act  of  March  3,  1881 56 

Principal  operations: 

United  States  Powder  Depot  (report) 6C9 

Rock  Island  Arsenal  (report) 619 

Projectiles  : 

trial  of  8-inch  banded,  experimental 95 

manufacture  of  8-inch  chilled 403 

report  on  barrel  packing-oases  for 418 

Proposed  12-inch  rifle: 

steel  breech-loading,  40  tons  (by  Capt.  C.  S.  Smith,  Ordnance  Department).  387 
Purchases  : 

statement  of,  for  fiscal  year  1885 U 

Reconstruction  : 

of  8-inch  converted  rifle  No.  68,  breech  insertion 499 

Reports,  Ordnance  Boajld.    (See  Ordnance  Board.) 

Reports,  construction.    ( See  Armament  of  fortifications. ) 

the  cast-iron  body  for  the  10-inch  wire-wrapped  breech-loading  rifle  (Ap- 
pendix a3) 159 

the  IS^inch  cast-iron  breech-loading  rifle (Appendix  ^)  165 

the  12-inch  cast-iron  rifled-mortar,  steel  hooped (Appendix  25)  175 

experimental  cylinder  from  the  12-inch  rifled  mortar (Appendix  26)  909 

experimental  compound  gun  cylinder  from  the  8-inch  steel  rifle  (Appendix 

27) - 287 

experimental  cylinder  from  the  12-inch  cast-iron  breech-loading  rifle  (Ap- 
pendix 28) : 277 

analysis  of  experimental  cylinder  (section)  of  12-inoh  breech  -  loading 

hooped  and  tubed  rifle 314 

experiments  with  molten  cast-iron  and  oil-tempered  steel. ..(Appendix  30)  317 

subjecting  tempered  steel  to  furnace  heat t  Appendix  31)  321 

inspection  report  of  ordnance  at  the  South  Boston  Iron  Works  (Appendix 

32) 331 

shrinkages,  <&c. ,  the  8-inch  steel  rifle.  No.  1 (Appendix  33)  351 

tables  of  weights,  <&c.,  forgiugs  for  8,  10,  12,  and  16  inch  steel  guns  (Ap- 
pendix 34) 383 

proposed  12-inch  breech-loading  steel  rifle,  40  tons (Appendix  35)  387 

inspection  of  8-inch  experimental  banded  cored  shot (Appendix  36)  d8& 

inspection  of  8-inch  Hotchkiss  banded  cored  shot (Appendix  37)  397 

mannfactore  of  8-inch  chilled  projectiles (Appendix  38)  403 

i Dspection  of  12-inch  mortar  shells  and  sabots (Appendix  39)  4(kB 

packi ng  canes  (barrels)  for  heavy  projectiles ( Appendix  40 )  418 

inspection  of  8  and  10  inch  shot  for  breech-loaders (Appendix  41)  421 

reconstruction  of  con  verted  8-inch  rifle  No.68  breech  insertion .  (Appendix  42;  429 

wire  drawing  from  steel  billets  at  Trenton  Iron  Works (Appendix  43)  436 

progreHS  of  work  at  the  Mid  vale  Steel  Works . . .  .* (Appendix  44)  449 

conversion  jof  oast-iron  guns  into  8-inch  rifles  with  steel  tubes.  (  Appendix  45}  466 

cold-rolling  steel  bars  for  the  Woodbridge  gun ( Appen.dix  46)  469 

iuauufacture  of  steel  gun  wire  at  Trenton  Iron  Works. (Appendix  47)  473 

Reports  (Board  for  testing  rifled  cannon)  : 

progress  report  on  the  8-inch  Yates  B.  L.  rifle (Appendix  48)  483 

trial  of  3.2-inch  B.  L.  steel  rifle (Appendix  49)  492 

Reports  : 

principal  operations  at  United  States  Powder  Depot (Appendix  50)  609 

principal  operations  at  the  Rock  Island  Arsenal (Appendix  51)  €19 


INDEX.  687 

Pugs. 
Rrports — Continned. 

method  of  attaching  sights  to  8-inch  riHes (Appendix  52)  635 

pole  lift  for  Held  artillery  carriages (Appendix  53)  637 

carriage  and  limber  for  Qatling  gun  and  cart  for  distribnting  ammuni- 
tion on  the  field (Appendix  64)  639 

gun-carriage  saddle  for  Hotchkiss  mountain  gun (Appendix  55)  645 

metal  li mbers  for  3.2-inch  field  gnns (Appendix  56)  649 

metal  carriage  for  3.2-inch  steel  gun (Appendix  57)  657 

metal  caisMou  and  battery  wagon  for  field  service  and  wagon  lor  ammuni- 
tion column (Appendix  58)  659 

manufacture  of  artillery  machines (Appendix  59)  669 

metal  field  carriage  aoid  limber  for  Gatling  gnn,  with  Eccles  feed  (Appen- 
dix 60) 671 

Rkce^i?*  •  I  of  the  Ordnance  Department  for  1885 (Stotement)  in 

KiFLB  practice: 

Its  Army  efficiency — change*  in  design,  and  value  of  pins  and  crosses  as  re- 
wards for  marksmanship iv 

KlFLKS: 

plan  of  siege  B.  L xxii 

trial  of  steel  field  B.L xxii 

the  cast-iron  body  for  the  10-inch  wire-wrapped  breech-loading  rifle--con- 

struction  report 159 

hooping  test  of  the  8-inch  steel  breech-loading  rifle,  double  hooped,  at  West 

Point  Foundry 227 

list  of,  and  parts  thereof,  in  progress  of  fabrication  at  the  South  Boston 

Ironworks 331 

the  12-inch  breech-loading,  hooped  and  tubed 332 

the  12- inch  breech-loading,  wire- wrapped,  tubed 332 

cost  of  the  12-inch  B.  L.,  cast-iron xi 

the  12-inch  breech-loading,  cast-iron — ^progress  report 135 

the  12- inch  B.  L.,  cast-iron — construction  report 165 

shrinkages  and  theoretical  resistances  of  8-inch  experimental  steel  breech- 
loading  rifle,  No.  1,  double-hooped 351 

proposea  12-inch  breech-loading  steel  rifle,  40  tons 3S7 

reconstruction  of  8-inoh  convert-ed  rifle,  Ko.  68 429 

progress  report  of  conversion  of  50  Bod  man  guns  into  8-inoh  rifles 466 

trial  of  the  3.2-iuch  breech-loading  steel  rifle 492 

Progress  report  on  the  Yates  B.  L.  8-inch  rifle 483 

eld  carriages  for  steel  3.2-inch  B.  L.  rifles : 657 

metal  limbers  f'T  3.2-inch  steel  B.L.  nfles 649 

Rifles,  Sprinofikld: 

number  manufactured  during  fiscal  year  1885 iv 

KocK  Island  Arsenal  : 

report  of  principal  operations 619 

Rodman  oums  : 

conversion  of  50  into  8-inch  rifles — progress  report 466 

R<>I>-BATONET  RIFLES  : 

in  the  hands  of  troops  for  trial iv 

Roster: 

the  officers  of  the  Ordnance  Department,  with  rank  and  stations  on  Ooto- 

tober  1,  1H85 675 

Rtpture: 

of  the  6-inch  multicharge  gun 145 

8a1>DLB,  GUN-CARRIAOE : 

construction  of,  for  Hot-chktss  mountain  gun 645 

Sales  : 

of  powder  and  projectiles  under  act  of  March  3,  1881 — report 55 

Sra-coast  carriages: 

alterations  of XX 

SUARPSHOOTEBS'  BADGES : 

fabrication  of,  at  Rock  Island  Arsenal 626 

cost  of  manufacture .628 

crosses  of  bronze  replaced  by  those  of  silver iv 

Shells: 

report  on  shells  charged  with  explosive  gelatine 112 

trial  of  G.  P.  Winslow's  nitro-glycerine 103 

Garrick's  shell  and  mortar  for  nigh  explosives 109 
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Shot: 

inspecti on  report  of  8-incli  experimental,  banded 389 

inspection  report  of  8-incli  Hotchkiss  banded  cored  shot 397 

inspection  report  of  8  and  10  inch  cored  cast-iron  shot,  without  aabots  or 

bands,  for  breech -loading  rifles 421 

Siege  steel  B.  L.  rifle  : 

plan  of,  &c xxn 

Siege  gun  : 

data  for  constracting  a  5-inch  steel 153 

Sights  : 

method  of  attaching  to  the  8-inch  rifles,  breech-loading 635 

Small-arms  : 

number  man nfactured  in  fiscal  year  1885 iv 

Small-arm  ammunition  : 

report  on  cart  for  distribution  of,  in  the  field 639 

SiflTH,  Capt.  C.  8. : 

proposed  12- inch  breech-loading  steel  rifle,  40  tons 387 

Snyder,  F.  H.  (manager) : 

trial  of  6-lnch  shells  charged  with  dynamite S7 

South  Boston  Iron  Works  : 

report  of  operations  and  work  in  progress 331 

States  and  Territories  : 

money-value  of  stores  apportioned  under  the  law  for  arming  and  equip- 
ping the  militia 46 

Stations  and  duties  : 

roster  of  the  Ordnance  Department 67S 

Steel: 

heating  tempered  steel  to  ascertain  if  the  quality  is  thereby  injured 321 

pouring  molten  cast-iron  about  oil-temperod  steel 317 

Steel  field  B.  L.  rifle  : 

trial  of xxii 

Steel  guns  : 

data  for  constructing  a  5-inch  siege  gun 153 

Steel  billets  : 

rolling  and  drawing  into  wire — ^report 436 

Steel  gun  wire  : 

report  on  manufacture  of,  at  Trenton  Iron  Works 473 

Targets  : 

fabrication  of  skirmish  targets,  target  cloths,  and  skirmish  paper  targets 
D,  E,  audF 629 

cost  of  maoufacture 632-634 

Tempered  steel: 

experiments  i n  heating  to  ascertain  if  quality  is  affected  thereby 3S1 

Territories  : 

value  of  stores  apportioned  to,  under  the  law  for  arming  and  equipping 
the  militia 46 

stores  issued  to,  under  resolutions  and  acts  of  Congress 52 

tSiI^:!   (S«Reporte.) 

Testing-machine.    {See  "  United  States  Testing-machine." ) 

THAfER,  Russell: 

description,  <&c.,  of  his  dirigible  war  balloon 70 

Trenton  Iron  Works  : 

report  of  rolling  and  drawing  steel  billets  into  wire 436 

report  on  the  manufacture  ofsteel  gun-wire  at 473 

Tubes  : 

report  on  the  steel  tube  for  the  12-inch  wire- wrapped  breech-loading  rifle..       33^ 

United  States  powder  depot.    (See  "  Powder  depot." ) 

United  States  testing-machine  : 

the  report  of  its  tests «...  v 

additional  facilities  required vi 

Wagons  : 

.  report  on  construction  of  battery  and  ammunition  wagons  for  field  servioe.      6o$ 

War  balloon  : 

description  of  Thayer's  dirigible 7i» 

Weights,  &c.  : 

data  for  a  5-inch  steel  siege  gun ..»       15:* 

tables  of  weights,  &o.,  of  forgings  for  8,  10,  12,  and  16  inch  steel  guna....       3n» 
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Whipflb.  Capt.  C.  W.  : 

descnptioT)  of  the  method  of  attaching  sights  to  8-inch  rifles 635 

WiLLiBTON,  Capt.  Edward  B.  : 

design  for  carriage  and  limber  for  Gatling  gnn  and  cart  for  distributing 

small-arm  ammonition  in  the  field 639 

WiNSLOW,  C.  P. : 

trial  of  his  nitro-glyoeiine  shells 103 

WiRE-WRAPPBD  BJFLRa : 

the  10-inch 169 

theTi-inch 332 

WOODBRIDOX  OUK: 

report  on  cold-roUing  steel  bUlets  into  wire  for 469 

Tatbs  oun  : 

progress  report  on  the  8-inoh  B.  L.  rifle 483 
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